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A NEW ROUTE FOR THE SYNTHESIS OF STEROID COMPOUNDS 


TOTAL SYNTHESIS OF DL-ESTRONE 


S. N, Ananchenko, V. N. Leonov, A. V. Platonova, 


and I, V, Torgov 


Institute of the Chemistry of Natural Compounds, Academy of Sciences of the USSR 
(Presented by Academician M, M, Shemyakin, June 9, 1960) 

Translated from Doklady Akademii Nauk SSSR, Vol, 135, No, 1, pp. 73-76, 
November, 1960 

Original article submitted June 7, 1960 


We reported in a previous paper [1] on a three-step synthesis of 3-methoxy-A!#»5.#+!4.p. hom oestrapentas 
enone (I) starting with 6-methoxytetralone (II) and proceeding through vinylcarbinol (III) and the tricyclic di- 


ketone (IV), 
\o 
HC HC 
CH. 
CH)=CHMgBr nt 
CHy CHy on cHy 


au) 


a 


Successive hydrogenation and dehydrogenation of methoxyketone (I) gave the methyl ethers of D-homo- 
equilenin and D-homoisoequilenin, which had previously been converted to equilenin and fsoequilenin [2], The 
total synthesis of these latter compounds was thereby accomplished, 


The present paper describes the total synthesis of DL-estrone (V) starting with methoxyketone (I) and pro- 
ceeding in accordance with the following scheme: 


HC 


(VIN) 


Hy 
HC 
H 
CH 
(1) (vil) 
(v1) 
: 
CO fe} fe] 
We He HC 
A Py 1,0 A 
CHO CHAO 
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Hydrogenation of methoxyketone (I) in tetrahydrofuran in the presence of palladium supported on calcium 
carbonate took place predominantly across the 14, 15 double bond with the formation of the methyl ether of 
8,9-dehydro-D-homoestrone (VI), The previously described [1 ]method of hydrogenation in pyridine does not always 
yield satisfactory results, Ketone (VI) was converted in the usual manner to the corresponding ethyleneketal (VII), 


which, upon reduction by lithium and alcohol in liquid ammonia, gave 3-methoxy-A?*5)-1p-homoestradien- 
17-one (VIII), 


Thus, this last reduction affected not only the 8,9 double bond, but also the benzene ring. Dehydrogena- 
tion of ketal (VIII) by means of Sarett complex (chromium trioxide-pyridine) led to themethyl ether of D- 
homoestrone ethyleneketal (IX), and hydrolysis of this compound gave the methyl ether of D-homoestrone (X). 


In another variant, ketal (VII) was reduced with potassium in liquid ammonia directly to ketal (IX), All stages 
gave good yields (65-85%. 


Conversion of the methyl ether of D-homoestrone (X) to the methyl ether of estrone (XIII) was accom- 
plished by the method of Johnson [3], Condensation of ketone (X) with furfural gave the furfurylidene derivative 
(XI), which was oxidized to the known dicarboxylic acid (XII) by means of hydrogen peroxide in an alkaline 
medium, When heated under vacuum at 300° with lead carbonate, the dicarboyxlic acid was converted to the 
methyl ether of estrone (XIII), which had previously been demethylated to DL-estrone, The melting points of 
the benzylidene derivatives of the methyl ether of D-homoestrone, the dicarboxylic acid (XII), and the methyl 
ether of DL-estrone (XIII) were in agreement with the published values, A mixture of the methyl ether of estrone 
(XIII) with a known sample melted without depression of the melting point, and the infrared spectra of these 


two samples were identical, The benzylidene derivative of the methyl ether of D-homoestrone was also identi- 
cal in all respects to a known sample, 


Comparison of the samples and recording of the infrared spectra were kindly carried out by W, Johnson and 
Abrahamson at the University of Wisconsin (USA), for which the present authors express their appreciation, 


EXPERIMENTAL 


The 3-methoxy-A!3+5+8+4_ 1 homoestrapentaenone (I) was prepared by the method previously described 
by us [1]. 


Hydrogenation of ketone (I), Six g of ketone (I) was hydrogenated in 40 ml of absolute tetrahydrofuran 
in the presence of palladium (10%) supported on calcium carbonate, A total of 509 ml of hydrogen (738 mm, 
22°) was absorbed in 2 hours and 10 minutes; this compares with the theoretical amount of 509 ml, The solu- 
tion was filtered free of catalyst, the solvent was distilled, and the product was crystallized from a mixture of 
alcohol and ethyl acetate (III), There was obtained 4,63 g (77%) of the methyl ether of 8,9-dehydro-D-homo- 


estrone (VI); m. p, 120-123°, The pure ketone had an m, p, of 125-127°, In contrast to our previous efforts, 
this preparation gave an individual compound, 


Preparation of the ethyleneketal of ketone (VI), A mixture of 11,5 g of ketone (VI), 35 ml of ethylene 
glycol, and 0,46 g of p-toluenesulfonic acid in 575 ml of toluene was refluxed for 5 hours, during which time 
toluene was slowly distilled, The cooled mixture was washed with water and a solution of soda, The toluene 
solution was dried with sodium sulfate and filtered, and the solvent was distilled under vacuum, The solid 
residue was crystallized from ethyl acetate, and 10,2 g (77%) of the methyl ether of 8,9-dehydro-D-homo- 
estrone ethylene ketal (VII) with an m, p, of 145-146° was obtained, Ap ax (in alcohol) 274 my (log € 4,24), 


CH, 5 
Oo 
HC an Hy COOH 
; 10 Ow OH" COOH 4 
CH, 
. | 
“ow 
1 
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Found %: C 77,7, 77.7; H 8.5, 8.3: CogH2g03. Calculated %: C 77.6; H 8.3, 


The yield of ketal decreased to 50% when the reaction was carried out for a longer period of time (8-10 
hours), 


Reduction of ketal (VII) with lithium and alcohol in liquid ammonia, To a solution of 1 g of ketal (VID 
in a mixture of 140 ml of liquid ammonia and 100 ml of absolute tetrahydrofuran was added 1,4 g (17-fold ex- 
cess) of metallic lithium in small pieces; the mixture was stirred for 10 min, and 50 ml of absolute alcohol was 
added dropwise over a period of half an hour until the solution became colorless, The ammonia was evaporated 
by heating slightly in a stream of nitrogen, and the resulting suspension was decomposed with water at 0-5°, 
The organic layer was separated, the water layer was extracted with chloroform, and the combined extracts 
were neutralized with solid carbon dioxide, washed with water and dried with sodium sulfate, The solvent was 
distilled, and recrystallization of the residue from ethyl acetate gave 650 mg (64%) of 3-methoxy- A? (10) _p. 
homoestradien-17-one (VIII) ethyleneketal with an m, p, of 152-154°, Ajax (im alcohol) 278 mp (log € 2,42), 


Found %: C 76,7, 76.6; H 9.3, 9.1, CyHgO3. Calculated %: C 76,7; H 9.4, 


Part of the original ketal was recovered unchanged when the reduction was carried out with a four-fold 
excess of lithium, 


Dehydrogenation of ketal (VIII), To Sarett complex, prepared by the usual method [4] from 1,9 g of 
chromium trioxide and 20 ml of pyridine, was added, at 0°, a solution of 1,33 g of ketal (VIII) in 20 ml of pyri- 
dine; the mixture was heated to 70-80° and allowed to stand for 12 hr, The reaction mixture was diluted with 
chloroform and filtered through an Al,O3 column, The solvent was distilled from the filtrate, and the residue 


was crystallized from ethyl acetate to obtain 1 g (75%) of the methyl ether of D-homoestrone ketal (1X) with 
an m, p. of 141-142°, 


Reduction of ketal (VII) with potassium in liquid ammonia, To a solution of 1 g of ketal (VII) in a mix- 
ture of 250 ml of liquid ammonia, 20 ml of absolute dioxane, and 150 ml of absolute ether was added, over a 
period of 3 min, 2,1 g of metallic potassium, and the mixture was stirred for 40 min, At the end of the stirring 
period, the blue color of the solution had disappeared, The mixture was carefully decomposed by the addition 
of 10 g of dry ammonium chloride, and the ammonia was evaporated, To the resulting suspension was added 
250 ml of water, and the mixture was extracted with ether, After the usual treatment and crystallization of the 
product, there was obtained 0,49 g of crystals with an m, p, of 129-135°, Two recrystallizations from a mixture 
of alcohol and ethyl acetate gave 300 mg of ketal (IX) with an m, p, of 138-140°, A mixture of this material 
and the sample described above showed no depression of the melting point, 


Preparation of the methyl ether of D-homoestrone (X), To a hot solution of 0,3 g of ketal (IX) in 10 ml 
of glacial acetic acid was added 2 ml of 1 N HCl, and the mixture was heated to boiling, The solution was 
cooled, diluted with water, and filtered from the resulting crystals, There was obtained 0,25 g (96%) of the 


methyl ether of D-homoestrone (X) with an m.p. of 162-163° (from ethyl acetate) \ max (in alcohol) 278 mp 
(log € 3,35), 


Found %: C 80,45, 80,7; H 8.8, 8.7. CooH¢02. Calculated %: C 80,5; H 8.8, 


The methyl ether of D-homoestrone can also be prepared without separation of the intermediate ketal 
(IX), In this case, the yield in two steps was 86%, 


Condensation of the methyl ether of D-homoestrone (X) with aldehydes, To a solution of 2,54 g of ketone 
(X) and 1,9 g of freshly distilled furfural in 150 m1 of methanol was added a solution of 11,2 g of sodium hydrox- 
ide in 100 ml of methanol, The mixture was stirred for 1 hour at 50-60° and cooled, The resulting crystals 
were separated by filtration and washed four times with water, twice with methanol and once with ether, There 


was obtained 3.07 g (96%) of the furfurylidene derivative (XI) with an m, p, of 161-162°, A max (in alcohol) 
323,5 my (log€ 4,35), 


Found %: C 79,2, 79,35; H 7.3, 7.4. CosH2g03. Calculated %: C 79,75; H 7.5. 


The benzylidene derivative of the methyl ether of D-homoestrone was prepared in a similar manner; 
m, p. 146-147° (from ethyl acetate), Amax (in alcohol) 222 and 228 my { logé 4,14 and 4,15), 


ge 
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Found %; C 83,6; 83.5; H 7.8; 7.7 
CyHgO,. Calculated %; C 83.9; H 7.8 


Literature values [4]: m. p, 147-148° (from alcohol); Ap), 218.5 and 281 my ( log€ 4,24 and 4,32), 


Preparation of the methyl ether of DL-estrone (V), Oxidation of furfurylidene derivative (XI) by the 
method of Johnson [5] with hydrogen peroxide in methanol gave 3-methoxy-D-homomarrianolic acid (XII) with 
an m, p. of 223-224° (from aqueous acetone), Johnson [6] gives for this compound an m, p. of 225-227° (corr.), 


Hydrolysis of acid (XII) in the presence of lead carbonate in accordance with the method described in 


(3] gave the methyl ether of DL-estrone (XIII); m, p, 143-144° (from ethyl acetate) Apax 278.5 and 287 mp 
(log € 3,30 and 3,30), 


Found %: C 79,9, 79,8; H 8.3, 8.3, Calculated%: C 80,2; H 8,5, 
Literature value [6]: m. p, 143-144° (corr.), 
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In spite of the fact that anhydrobisindane-1,3-dione, or bindone (I, R = R’ = H) was synthesized by Wisli- 
cenus [1] and has more recently found widespread application as an analytical reagent for primary amines [2-5] 
and nitro compounds [6], the structure and possible tautomeric existence of this compound and its derivatives 
have not been established in detail, Wislicenus [7] obtained dinitromethane by cleavage of dinitrobindone, 
which supports structure I, Fischer and Vanag [8] prepared a second isomer of bindone to which they assigned 
structure II, Recently, Singewald [4] again returned to a discussion of the possible structure of bindone, basing 
his discussion on ultraviolet spectra, 


In order to clear up the structure and the state of the various functional groups in the molecule of bindone 
and certain of its derivatives, we obtained infrared and ultraviolet absorption spectra and polarograms of these 
compounds; the results were compared with the corresponding data of derivatives of indane-1,3-dione and 1- 
indanone, since both of these rings are present in the bindone molecule: 


co 


(I) 


Cc ‘vo 
Sat 


The following compounds were studied in the present work: bindone (I, R = R’ = H), bromobindone (I, 
R = Br; R' = H), dibromobindone (I, R = R' = Br), methylbindone (I, R = CHg; R' = H), bromomethylbindone (I, 
R = CHg; R’= Br), methylnitrobindone (1, R = CHj; R' = NOg), bromonitrobindone (I, R = NO; R’ = Br), dinitro- 
bindone (I, R= R' = NO2), bindone monoxime, 2-(indan-1'-one-3'-yl)-indane-1,3-dione (III), isobindone (II), 
and the K salts of bindone and isobindone, 


The infrared spectra were obtained for the solid compounds (as a suspension in paraffin oil), The wave 
numbers and relative absorption values are shown in Table 1, Also presented in this table are the absorption 
maxima in the ultraviolet for 10-° M solutions of the compounds in ethanol, The polarograms were taken with 
1075 — 5+10°° M aqueous solutions of the compounds, The pH was varied over the range of 2 to 11 by means 
of Britton-Robinson buffers, and KC] and KgCOx were used as supporting electrolytes in concentrations of 0,1 N, 
The dependence of the half-wave potential (E!) on pH is given in Table 2 in the form of equations, E } is re- 
ferred to a saturated Hg,Cl, electrode, The experimental work was carried out with IKS-14 and SF-4 instru- 
ments and with a Heyrovsky polarograph, 


It is apparent from the i,r, spectrum of bindone that the solid form of this compound exists in the triketo 
form (I). The bands at 1687 and 1716 cm™ can be assigned to carbonyl vibrations; of these, the first is 


: 

“39 

= co co CoHa 

am to caf bo 

CO co CH co CH, 
(II) (IIT) 

| 
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associated with C =O vibrations in the indanedione ring and the second with C=O vibrations in the indandione 
ring, Owing to conjugation, the 1687 cm! frequency is quite low, not only by comparison with the C =O fre- 
quency in indan-1,3-dione (1710 cm”), but also in comparison to benzalindan-1,3-dione (1696 em”) {9]. In 
the spectrum of indanoylindan-1,3-dione, in which the double bond has been hydrogenated, the C=O group 
frequency is normal (1711 cm™), The 1716 cm™ frequency is somewhat high in comparison to the normal 
C=O vibration frequency (1698 cm) [10]. That the first frequency is associated with C =O vibrations in the 
indandione ring of the molecule is indicated by the constancy of this frequency (1680-1691 cm”) for all bin- 
done derivatives, which also exist in the triketo form: bromobindone, dibromobindone, bromonitrobindone, di- 
nitrobindone, methylbindone, bromomethylbindone, and methylnitrobindone, The second frequency varies 
significantly depending on the nature of the substituent introduced in the alpha position in the indanone ring, 
This frequency increased from 1716 cm™ in bindone to 1719 em™! in bromobindone and 1732 cm”! in dibromo- 
bindone, A particularly high increase in the frequency of the C=O group was caused by the nitro group (1740 
cm™ for methylnitrobindone, 1749 cm™ for bromonitrobindone, and 1752 cm™ for dinitrobindone), An increase 


in the vibrational frequency of the C=O group by bromine and by a nitro group is a characteristic of other 
derivatives of 1-indanone [11, 12}. 


It may be assumed that the 1716 cm™ frequency in the bindone spectrum includes, in addition to C=O 
vibrations of the group in the indanone ring, a second (resonance) frequency due to vibrations of the C=O group 
in the indanedione ring; the frequency is also significantly low in comparison to the resonance frequency of the 
carbonyl of the indanedione ring [9], For a molecule in which the double bond was hydrogenated or in which a 
nitro group was introduced into the alpha position, this frequency was pure (1744 em! in indanonylindandione, 


1730 cm™ in methylnitro- and dinitrobindone, and 1723 cm™! in bromonitrobindone) owing to the considerable 
shift in the indanone frequency, 


The 1557 cm™ frequency in the methylnitrobindone spectrum corresponds to an asymmetric vibration of 
the nitro group, as in 2-nitroindane-1,3-dione (1560 cem”!) {13}, The introduction of a bromine or a second 
nitro group into the gem position considerably increased the nitro group frequency to 1601 cm” for dinitro- 
bindone, There were two frequencies in the i.r, spectrum of bindone monoxime, 1690 and 1724 cm™, which 
can be assigned to vibrations of the indanedione ring; consequently, formation of the oxime took place in the 
indanone ring, In addition to the frequencies in the 1550-1610 cm! region mentioned above, there was a series 
of frequencies in the i.r, spectra of all of these compounds, which were associated with vibrations of the con- 
jugated aromatic system, These overshadowed the vibrations of the double bond in bindone, and they disappeared 


in the absence of continuity of the conjugation (only the vibration of the benzene ring, 1608 cm~, appeared in 
the spectrum of indanoylindanedione), 


The character of the i,r, and u,v, spectra of isobindone — the compound to which structure II has been 


assigned cannot be completely interpreted on the basis of this structure, and the question of the structure of 
isobindone remains open, 


The i,r, spectrum of the potassium salt of bindone indicates a considerable difference between the struc- 
ture of the bindone anion and that of the undissociated triketo form, In the spectrum of the anion, the fre- 
quencies were highly shifted and, moreover, there appeared a new series of frequencies in the region of shifted 
double bond frequencies (1480-1600 cm™4) which could not be individually characterized, This indicated the 
existence of a mesomeric anion (IV). 


| 
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TABLE i 


Compound 


Most characteristic frequencies, 


cm”! (relative absorptiohs are 
shown in parentheses) 


Uv absorption of alcoholic 
solutions, A (values of 
€ - 10‘ are shown in parentheses)* 


2-(Indan-1'-one-3' -yl)- 
indane-1,3-dione 

Bindone 

Methylbindone 

Bromomethylbindone 


Methylnitrobindone 


Bromobindone 


Dibromobindone 
Bromonitrobindone 
Dinitrobindone 
Bindone oxime 


Isobindone 


K salt of bindone 


K_ salt of isobindone 


1744 (61); 
1608 (80) 
1716 (88); 
1592 (91); 


1717 (85); 
1582 (83); 
1726 (90); 
1560 (73) 
1740 (75); 
1605 (28); 
1719 (70); 
1611 (59); 
1732 (79); 
1584 (68); 
1749 (75); 
1614 (49); 
1752 (90); 
1601 (99); 
1724 (62); 
1579 (100) 
1715 (35); 
1606 (73); 
1554 (51); 
1663 (56); 
1550 (43); 
1669 (46); 
1554 (84); 


1711 (100); 1694 (99); 


1687 (90); 41609 (75); 
1574 (98) 


1680 (100); 1609 (70), 
1559 (94) 
1689 (100); 1609 (33); 


1730 (74); 1688 (95); 
1589 (52); 1557 (100) 
1681 (80); 1656 (66); 
1550 (82) 
1681 (90); 1609 (74); 
1550 (78) 
1723 (74); 1694 (96); 
1572 (100) 
1730 (62); 1690 (100); 
1566 (86) 
4690 (99); 1608 (78); 


1681 (100); 1656 (42); 
1598 (87); 1575 (100); 
1452 (91) 

1623 (63); 1581 (72); 
1483 (45). 

1623 (75); 1590 (84); - 
1480 (99); 1440 (100) 


* Spectra taken 24 hours after preparation of the solution. 


TABLE 2, Dependence of the half-wave potential (Ey/2» in volts) on pH. 


2245 (4,62); 2520 (4,35); 2750 
(infl. ); 3050 (1,58); 3555 
(1,17); 5250 (4,38) 


2450 (2,42); 3480 (1,28); 
4850 (0,22) 


2520 (3,91); 3500 (1,28); 
5300 (1,10) 
2200; 3000; 3570; 4840; 


2180 (3,28); 2680 (3,80); 
3000 ( infl. ); 4200 (1,45); 
6550 (1,05 


eq. for first 


Compound 
val) 


(entire pH inter- 


wave 


eq. for second wave 


eq. for third wave| eq. for fourth wave 


acid medium 


(alkaline medium) 


Bindone 


Indane -1,3-dione 


are identical, 


Bromonitrobindone —0.26-0.078 pH —0,54-0,080 pH 
Dinitrobindone —0.05-0.098 pH —0.46-0.094 pH 
2-bromo-2-nitroindane - 

1,3-dione —0.29-0.085 pH —0.54-0.078 pH 


—0.61-0,074 pH 


—0.58-0.050 pH 


It is interesting to note the similarity of the i.r. spectra of the potassium salts of bindone and isobindone and also 
the possibility of the interconversion of these salts, which has been established by chemical means [8, 14], In 
this connection, it is pertinent to pose the question of whether the structures of the bindone and isobindone anions 


It should be remarked that in polar solvents (water, alcohol), the triketo form has a tendency to convert to 
the anion form, which is characterized by an absorption at about 5300 A, Freshly prepared solutions of bindone, 


—0.91-0,048 pH -1,45 
—0.93-0,036 pH -1.45 
—0.72-0,060 pH -1,45 
—0.94-0,035 pH -1.40 
-0.87-0,014 pH —1.40 


| | 

| 
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| 

- 

1217 


bromobindone, and bromonitrobindone are yellow, and this gradually changes to an intense red when the solution 
is boiled or stands for some time, 


The polarogram of bindone displayed the waves characteristic of polarograms of indane-1,3-dione due to 
reduction of the carbonyl groups, In an acid medium, Ey depended on pH, and the reduction process took place 
in two stages (Ey — 0,98 v and-1,15 v at a pH of 5), presumably with the intermediate formation of a free radi- 
cal carbinol [15], In an alkaline medium, Ey becomes independent of pH (Ey —1.45 v), The cléarest waves, 
suitable for the quantitative determination of bindone, were obtained at a pH above 10, This opens up the pos- 
sibility of developing and applying polarographic and amperometric methods in conjunction with the use of bin- 
done as an analytical reagent, The polarogram of bromonitrobindone was similar to that of 2-bromo-2-nitro- 
indane-1,3-dione; the wave at more positive potentials (E},-0.65 v at a pH of 5) due to reduction of the nitro 
group, and subsequent waves (E } —0,94 v and ~1,11 v at a pH of 5) were associated with reduction of the car- 


bonyls, The nitro group in bromonitrobindone was reduced at the same potential as the nitro group in 2-bromo- 
2-nitroindane-1,3-dione, 


The polarographic reduction of dinitrobindone is the second example of polarographic reduction of two 
gem-nitro groups, In the present case, the process took place at more positive potentials than in the reduction 
of 2,2-dinitropropane [16], and was characterized by marked dependence of E} on pH. This dependence was 
not observed in the case of 2,2-dinitropropane, The height of the polarographic wave decreased at pH values 
above 8, Subsequent waves at more negative potentials were associated with reduction of the carbonyls, 


Consequently, the character of the polarographic reduction of bindone derivatives is determined by the 


presence of the indanedione ring in the molecule to a far greater extent than it is by the introduction of various 
active substituents, 


It follows from the foregoing that solid bindone has the structure represented by formula (I), which was 
first proposed by Wislicenus, and than an anion having structure (IV) is formed by dissociation of the molecule, 
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Theease with which a -halo- 6-alkylthio substituted propionic acids isomerize to B -halo-a -alkylthio 
derivatives under the influence of nucleophilic reagents [1] and, in some cases, merely on heating [2] 


RSCH,CHCICOOR’ -*+ CH,CICH (SR) COOR’ 


makes it difficult to determine the structure of compounds obtained by the addition of alkylsulfenyl chlorides 
to acrylic systems, 


Nevertheless, we have recently been able to show that ethylsulfenyl chloride adds to acrylonitrile with 
the the formation of 6 -chloro-a -ethylthiopropionic acid [3] 


CH, = CH CICH (SCxH;) CN. 


The course of the addition of alkylsulfenyl chlorides to a, 8-unsaturated acids and their esters remains 
open to question, 


Through the interaction of alkylsulfenyl chlorides with acrylic acid, its homologs (methacrylic, dimethyl- 
acrylic, and crotonic acids), and their esters, we prepared a number of 8-chloro-a-alkylthio derivatives of 
propionic acid (see Table 1), the structure of which was established by a comparison of reactions of methyl 
B-chloro-a -ethylthioisobutyrate (I) with those of ethyl 8 ,8-dimethyl-6 -chloro-a -ethylthiopropionate (II) 
and of reactions of 8 -chloro-« -ethylthioisobutyrate( III) with those of 6 -chloro- @-methylthiopropionate (IV), 


Thus, the action of two moles of 2 N NaOH in methanol on (I) and (II) under the same conditions gave, 
respectively, B-methoxy-a -ethylthioisobutyric acid (V) and 6 ,B-dimethyl-a -ethylthioacrylic acid (VI) 


2NaOH 


— CH, —CCHs — COOH 
CH,OH 


(1) OCHs SCH, (V) 
CHs 


— CH --COOC,H; 5C=C—COOH 


CICHI,CCHs COOCHs 


| CH,OH 7 | 
SCal (Il) CHs SCH; (VI) 
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TABLE 1 


B. p. in MR Found, | Calcu- 
Compound °C /mm dn z g % lated, % 


8 -chloro-@-alkylthio derivative of propionic acid 


CICH, — C(SC;H,)CH,COOCH, (1) 86 | 96—97°/8 11,454) 1, 4848) 48,91] 49,02) 42,31) 6,50 [42,74) 6,60 
CH,CHCICH(SC,H,)COOCH, 100 | 98—100°/10 49,05] 49,02] 42,61] 6,65 142,74| 6,60 
CICH,CH(SC,H,)COOCH,(*) 72 | 983—96°/10 | 4,175/1,4850] 44,51] 44,43 

| 442 — 1439/10 | 4,07611, 4733] 58, 46] 58,20 

CH,CICH(SC,H,)COOH 53,5} 98—100°/0,004| 4.24714 ,5074| 40,19] 39,66] 36,25] 5,03 |35.63] 5.26 
CH,CIC(SC,H,)CH,COOH (111) at | 145—120°/0,004\ 420414 ,5020] 43,89] 44,28/30,30| 5,85 1'99,45| 6,02 
CH,CICH(SCH,)COOH (IV) 42,7| 73—75,5 31,16) 4,35 31,06 4,53 
CH,CIC(SCH;)CH,COOH 81,3| 72—7%4 821 5,20 135,61) 5,34 
CH,CHCICH(SC,H,)COOH 54,8| 85-86 30,18] 5,77 [39,45] 6,02 


B -chloro-a-alkylthiopropionyl chloride 


JU 
CH,—C—COC] 70 — 1107/5 —6 1,5097 35,18] 4,74 | 35, 4,97 

CH,—C—COC! 85 | 82,5 —83,5°/9 | 1,904|1,5100] 42,98] 43,00] 31,45] 4,30} 32,08] 4,27 
NSCH, 
CHy—CH—COCI 79 —80°/3 1,306]1,5165] 42,95] 43,00] 31,44] 4,07 | 32,08] 4,27 
Cl 


* Melting point. 


The action of triethylamine on II in ether solution eliminates a molecule of hydrogen chloride and forms 
ethyl 6 ,8-dimethyl-a -ethylthioacrylic acid [3]. Compound (I) remained unchanged under these conditions. 


8 -Chloro-a -ethylthioisobutyric acid (III) reacts with an aqueous solution of potassium bicarbonate to 
form 6-hydroxy-a -ethylthioisobutyric acid (VII): 


CH, —CCHs;—-COOH CH,;—CCHs —COOH 


| | | 
Ct SCH, KHCO, bu 
(111) (VII) 


Under the same conditions or when reacted with triethylamine inchloroform solution, 6-chloro-a@ - 
methylthiopropionic acid (IV) forms the unstable o-methylthioacrylic acid (VIII), 


Pyruvic acid 2,4-dinitrophenylhydrazone was obtained both from acid (VIII) and from the aqueous mother 
liquor: 


CH,— CH— COOH H,0 


CH, =C—COOH — CH; =C—COOH — CH; —COCOOH 
| | 
dj KHCO, SCH, OH 
(IV) (VIII) 


These properties confirm that alkylsulfenyl chlorides add to methacrylic and dimethylacrylic acids and 
their esters in accordance with the polarity of the reagents: 


| 
c1 sR 
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The 8 -chloro- &-alkylthiopropionic acids react with thionyl chloride to yield the corresponding acid 
chlorides (see Table 1), 


On the basis of literature data [1, 2, 6], B-halo- a-alkylthio derivatives of propionic acid should not 
isomerize to the &-halo-6-alkylthio derivatives when heated with thionyl chloride, The structure of the acid 


chlorides as that of B-halo- @-alkylthio derivatives of propionic acid was confirmed by reaction with NaS to 
form 6 -propiothiolactones [ 7}; 


SR SR 

+NaS—- SCc—¢ 

xX $— 


Thus, alkylsulfenyl chlorides add to unsaturated esters and acids by the same course as to nitriles, namely, 
with the formation of B-halo-a -alkylthio derivatives, 


EXPERIMENTAL 


General method of preparation of 8-chloro- a-alkylthiopropionic acids and their derivatives, To a solu- 
tion of acrylic acid, its derivative, or homolog in ether or chloroform in a ratio of 1: 3 was added an equiva~- 
lent amount of the alkylsulfenyl chloride in solution in the same solvent and the same ratio; the reaction tem- 
perature was maintained by cooling with ice water, The reaction was exothermic and went rapidly to com- 
pletion, The solvent was evaporated under vacuum, and the resulting 8-chloro-a -alkylthiopropionic acid or 
its derivative was purified by vacuum distillation or by crystallization, The yields were almost quantitative, 


B-Methoxy-a -ethylthioisobutyric acid (V), To a solution of 15,7 g of (I) in 50 ml of methanol was added 
by drop 100 ml of a 2 N solution of NaOH in methanol, The reaction mixture became alkaline immediately, 
On the following day, the alcohol was evaporated, the residue was dissolved in water, and the unreacted starting 
material (0,6 g) was extracted with ether, Acidification of the water layer produced 7,5 g (52.5%) of (VII); 

b. p. 110-112°/0,004 mm; density, 1,117; °D 1,485; MR found 45,39, calculated 45,68, 


Found %; C 47,31; H 8,12; S 17,40, C7Hy4O3S, Calculated %: C 47,19; H 7,86; S 17.97, 


a -Ethylthio- 8 ,8-dimethylacrylic acid (VI), A 2 N solution of NaOH in methanol was added to 0,08 
mole of (II) under the conditions of the preceding experiment, However, the reaction mixture remained neu- 
tral until approximately half of the alcoholic solution had been added, The reaction product was separated, 
and a 33,7% yield of ethyl 6 ,8-dimethylacrylic acid [8]was obtained; b, p, 91-93°/10 mm; density 1,028; °D 
1.4861; MR found 52,50, calculated 52,93, A 52,7% yield of (VI) was also obtained; b, p. 95-96°/3 mm; dens- 
ity 1,077; °D 1,4967; MR found 43,40, calculated 43,69, 


8 -Hydroxy-a -ethylthioisobutyric acid (VII), A solution of 9,1 g of (III) in 200 ml of ether was extracted 
with water for 3 hr, Elimination of halide ion was not detected, The ether solution was then treated with a 
10% solution of potassium bicarbonate to a neutral reaction, Acidification of the aqueous solutions yielded 
(VII); b. p. 135°/0,004 mm; density 1,172; n°°D 1.4940; MR found 40,86, calculated 40,94, Mol, wt.: found 
165,2, calculated 164 (by titration), 


Found %: C 44,30; H 7,27; S 18,85, CgH 03S, Calculated %: C 43,90; H 7,31; S 19,51, 


a -Methylthioacrylic acid (VIII), A 10% solution of potassium bicarbonate was added to 3 g of (IV) to a 
neutral reaction (about 2 moles), and the mixture was allowed to stand for 2 hours at room temperature, After 
acidification, the aqueous solution was cooled, and a-methylthioacrylic acid precipitated, The acid was soluble 
in water and readily soluble in alcohol and ether, M. p. 85-88° (from petroleum ether), Pyruvic acid 2,4-di- 
nitrophenylhydrazone was separated from the aqueous solution; m, p, 216° (from alcohol), A mixture with a 
known sample showed no depression of the melting point, 


Found %: C 39,60; H 5,37; S 26,4, CgHg02S, Calculated %: C 40,67; H 5,08; S 27,1, 
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Since the discovery of ferrocene [1], dicyclopentadieny] derivatives of many of the transition elements 
have been synthesized, and tricyclopentadienyl compounds of elements of group III of the periodic system have 
been prepared, There is no information in the literature on cyclopentadienyl compounds of boron, 


A convenient method for the preparation of tricyclopentadienyiboron is the interaction of cyclopentadi- 
enylmagnesium bromide with a three-fold excess of boron trifuloride etherate, The yield is 72,5%, Cyclo- 
pentadienylboron difluoride is obtained (in 69,8% yield) at a mole ratio of CsHsMgBr: BF = 1:1, The reaction 
is carried out in a medium of ether and under a blanket of purified nitrogen, After the addition of the etherate, 
the colorless or light yellow ether solution is decanted into a flask filled with nitrogen and allowed to stand for 
several days, Colorless crystals gradually precipitate from the ether solution, Both compounds oxidize in air; 
the cyclopentadienylboron difluoride almost immediately turns black and deliquesces, and the tricyclopentadi- 
enylboron is gradually converted to a white powder, 


Tricyclopentadienylboron forms with pyridine a white crystalline complex with a component ratio of 1:1, 


The elemental analyses for boron were carried out by the method proposed by B, M. Mikhailov and T, A, 
Shchegoleva [2], 


Tricyclopentadienylboron is sparingly soluble in organic solvents, and it precipitates gradually from some 
of them as a flocculent, light yellow mass (from heptane, tetrahydrofuran, chloroform, and isooctane), 


The ultraviolet spectrum of tricyclopentadienylboron* (Fig. 1) confirmed the presence of cyclopentadienyl 
rings in this compound, Figure 2 is a photograph of a crystal of tricyclopentadienylboron, 


When the ether solutions of tricyclopentadienylboron and cyclopentadienylboron difluoride obtained in the 
experiments were allowed to come into contact with air, a heavier, lower layer separated; this gradually hardened, 
forming polymer, During attempts to remove the ether under vacuum, the concentrated ether solution of either 
of these compounds readily polymerized forming solid, bright yellow polymers in which the presence of boron 
was established by elemental analysis, The u,v, spectrum of the tricyclopentadienylboron polymer in chloro- 
form solution (Fig, 1) showed that the polymerization proceeded through rupture of one of the double bonds, and 
the high oxygen content of the polymer undoubtedly indicates that oxygen takes part in the polymerization, 

This confirms our proposed mechanism [3] for oxidative polymerization of unsaturated organoboron compounds, 


Tricyclopentadienylboron was tested as a catalyst for the polymerization of styrene, The experiments 
were carried out in sealed tubes, and air was purged from the gas phase by means of nitrogen, 


* The spectra were taken by N, L, Galanina, 


= 


Fig. 1, Ultraviolet spectra of tricyclopentadienyl- 
boron (1) and its polymer (2), E = D/CB for the 
polymer was determined at C = 1 wt, % and B = 
=1lcm, 


Fig. 2, Photograph of a crystal 
of tricyclopentadienylboron, 


0 { ae Tubes containing sytrene were held at 100° for 
—, 3,6, and 9 hr, The addition of 1 mole % of tricyclo- 
20 2 pentadienylboron had a significant inhibiting effect 
10 soa on styrene polymerization (Fig, 3) (the yield of poly- 
0 ' mer decreased to 0, 10,76, and 15,03% at 3, 6, and 9 


3 6 Shours 


hr, respectively), and the relative viscosity of the re- 
Fig, 3, Kinetics of the polymeriza- sulting polystyrene decreased (Fig, 4), 


of styrene in the presence of tri- Tris(dicyclopentadienyl)boron was prepared from 
cyclopentadienylboron at 100°: 1) dicyclopentadienylmagnesium bromide and boron tri- 

without B(CgHs)g; 2) with the addi- fluoride etherate by the above method, The compound 
tion of 1 mole % B(CgsHs)s. is a colorless crystalline material which oxidizes in air; 


C2HsMgBr + CyoHig + 
3CyyHiMgBr + BFs — (CyoHi1)sB 4- 3MgBrF. 


EXPERIMENTAL 


Preparation of tricyclopentadienylboron [> 4)8. . To a four-neck flask, fitted with a stirrer, a dropping 


funnel, a condenser, and a gas inlet tube, and containing 15,2 g of magnesium turnings and 125 ml of absolute 
ether, 54.5 g of ethyl bromide in 25 ml of ether was added, When the reaction was complete, 41,2 g of 
cyclopentadiene was added, and the reaction mixture was allowed to stand overnight, To the resulting cyclo- 
pentadienylmagnesium bromide was added dropwise 7g of freshly distilled boron trifluoride etherate in 25 ml 
of ether, The light yellow ether layer was decanted, The tricyclopentadienylboron had an m, p, of 138-139°, 


Found %: B 5.4, (CsHs)3B. Calculated %: B 5,26. 


Preparation of cyclopentadienylboron difluoride |= BF. The reagents were added to the four- 


neck flask in the following amounts; 15,2 g of magnesium turnings, 125 ml of absolute ether, and 54,5 g of 
ethyl bromide, When the reaction was complete, 41,2 g of cyclopentadiene was added, and the reaction mix- 
ture was allowed to stand overnight, The freshly distilled boron trifluoride etherate, 23,5 g, was then added, 


The ether layer was decanted, and crystals ofcyclopentadienylboron difluoride gradually precipitated, M. p. 
38-41°, 


Found %: B 9,88, CsHsBF,. Calculated %: B 9.5, 
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Tricyclopentadienylboron polymer was prepared by oxida - 
tion of an ether solution of tricyclopentadienylboron which had 
been dried under vacuum, The polymer melted at 147-149°, 
Found %: C 53,86 and 53,97; H 6,18 and 6,17; B 4,38 and 4,46, 


When the ether solution was poured into heptane light 
yellow flocs of polymer precipitated, The dry polymer had 
P P an m, p, of 151-152°, Found %: C 41,37; H 6.36; B 3,88, 


Complex of tricyclopentadienylboron with pyridine 


(__>) sB* CsHsN. Pyridine was added dropwise to an ether solution 


Vv 
0 of tricyclopentadienylboron at 20°, The reaction was exo- 
t— thermic, a a white flocculent complex precipitated, The 
addition of pyridine was continued until precipitation ceased, 
The complex was dried under vacuum, The melting point of 
the crystals was above 250°, 


Fig, 4, Dependence of the relative 
viscosity of polystyrene on concen- 
tration: 1) polystyrene prepared in 
the absence of B(CsHs)3; 2) poly- Found %: B 4,11. (CsHs)3B*CsHsN. Calculated %: B 3,8, 
styrene prepared in the presence of 
B(C5Hs5)3. 


_—JZ=- 

To a three-neck flask containing 15,2 g of magnesium turn- 

ings and 150 ml of absolute ether, 54.5 g of ethyl bromide was added gradually, To the resulting Grignard 

reagent was added dropwise 82.5 g of dicyclopentadiene, and the reaction mixture was allowed to stand over- 

night, The reaction was slightly exothermic, and bubbles of gas were formed, Then, 8 g of boron trifluoride 

etherate in 25 ml of absolute ether was added dropwise, and the ensuing reaction was significantly exothermic, 

The ether solution was decanted, and crystals of tris(dicyclopentadienyl)boron gradually precipitated from it, 

The melting point of the compound was 180-182 (in sealed capillaries), 


Found %; B 2.27, (CyoH3)3. Calculated %: B 2.67, 
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Mercury organometal compounds are convenient for free radical investigations, In previous work, we have 
used for this purpose thermal decomposition and photodecomposition of alkyl and aryl mercury derivatives in 
different solvents, 


It appeared to us to be of interest to investigate the behavior of the cyclohexyl radical, which we proposed 
to prepare by decomposition of dicyclohexylmercury (DCHM), According to the literature [1], this compound 
can be prepared by Grignard reaction, and is a white crystalline material with an m, p, of 78-79°, It has been 
noted, however, that it is unstable and readily decomposes when stored in the light, As a matter of fact, the 
DCHM which we prepared rapidly began to decompose in air with the liberation of mercury, However, when 
thermal decomposition of this substance was carried out in evacuated sealed tubes, it was found that decom- 
position begins only above 130°, 


During the course of the work, it was found that atmospheric oxygen has a considerable effect on the sta~ 
bility of DCHM, It was completely stable in the absence of oxygen, and could be stored in diffuse light in- 
definitely, A number of papers reporting on the oxidation of organometal compounds have recently appeared, 
Thus, organic compounds of cadmium are easily oxidized [2], As regards compounds of mercury, their oxida- 
tion by air under ordinary conditions has not been described in the literature, so far as we know, 


We have been able to establish that the decomposition of DCHM during storage in the dark in the presence 
of atmospheric oxygen at room temperature is accompanied by the formation of oxidation products — cyclo- 
hexanone and cyclohexanol, Therefore, we decided to study in greater detail the oxidation of DCHM in various 
solvents, The reaction can be brought about very simply in alcoholic solutions, When a stream of oxygen was 
passed through a reaction mixture consisting of DCHM in isopropyl alcohol at ordinary temperatures, the libera- 
tion of mercury was observed, The major products found in the solution were cyclohexanol and cyclohexanone, 
which were present in equimolar amounts, 0.0081 mole per 0,019 mole of DCHM, Consequently, the course of 
the reaction can be represented as follows: the DCHM adds oxygen to form an unstable peroxide, which then 
decomposes to cyclohexanone and cyclohexanol: 


O2 
(CgHy1)2Hg > CgHyOH + O + Hg (1) 


Cyclohexane and cyclohexene were not found among the reaction products, but acetone was present in the 
amount of 0,004 mole, The formation of acetone can be explained by oxidation of the isopropyl alcohol, which 
will occur in the presence of DCHM, The mercury balance over the fraction taken for distillation was 96,4%, 
and the balance with respect to the CgHy radical, including that in the kettle product, was 87%, 


2 
3 
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In solvents containing chlorine, CHCl, and CCl,, the reaction is more complex. The major products in 
these reactions was cyclohexylmercury chloride, CgHyyHgCl, There was 0,01 mole of cyclohexylmercury chlo- 
ride per 0,015 mole of DCHM (70%) in the chloroform solution, A rather considerable liberation of mercury 
was noted — 0,003 mole (20%), Among the other products, there were 0,01 mole of cyclohexanol (70%), 0,007 
mole of cyclohexanone (47%), and a very small amount of cyclohexene and cyclohexane — 0,0007 mole each 
(5% each). The mercury balance was 90%, and the CgHy,; balance was 197 mole %, Judging from the mercury 
liberated, it may be assumed that the reaction takes place to an extent of only 20% in accordance with Eq. (1) 
yielding 40% cyclohexanol and cyclohexanone, The total oxidation products comprised 117%, The excess 
amount of cyclohexanol and cyclohexanone can apparently be explained by the interaction of the DCHM with 


CHC],, initiated by the intermediate peroxide compound and proceeding with the formation of cyclohexyl- 
mercury chloride; 


(CeHyy) 2Hg + CHCly CgHyyHgCl + (CgHy, + CHCl) (2) 
The literature reports that the liberation of alkyl- and aryl-mercury chlorides from solutions of mercury 
compounds in CCl, is accelerated by the introduction of peroxides [3], Moreover, we have noted that the forma- 
tion of cyclohexylmercury chloride occurs only when the reaction is carried out by heating to 100° 


In our opinion, in reaction (2) the C,H,, radical does not react with the solvent, since cyclohexane was 
not found in any significant amount, In all probability, it is the essential source of oxidation products (77%), 
Upon oxidation, it yields a CgH,,O radical, which interacts with and removes a hydrogen atom from the CHCl,, 


since the cyclohexanol and cyclohexanone occur in a mole ratio of 1.4:1, To a lesser extent, the CgH,, radi- 
cal disproportionates (10 mole %), 


The reaction in CCl, proceeds in a still more complex manner, Oxidation of DCHM gave 20 mole % each 
of cyclohexanol and cyclohexanone and 4 mole % each of cyclohexene and cyclohexane, The major product 
was cyclohexylmercury chloride with a yield of 76%, and 5% mercury was also found, Reaction (1) apparently 
occurs to only a slight extent, giving only 10 mole % cyclohexanol and cyclohexanone, As inCHCl, the major 


process is the interaction of DCHM with CCl, in accordance with Eq, (2); this process is peroxide initiated and 
forms cyclohexylmercury chloride, 


However, CgH,, radicals in CCl, solution yield, in addition to products due to oxidation (30%) and dis- 
proportionation (8%), chlorine-containing products resulting from interaction with the solvent (about 50%), 
which were established only qualitatively, The mercury balance was 81%, and the balance with respect to 
C.Hy radicals, including chlorine-containing products, was about 174 mole %, 


The presence of free radicals in the DCHM reactions was confirmed by the rapid disappearance of the 
violet color from an alcoholic solution of diphenylpicrylhydrazine, The initiation of polymerization processes 
constituted another proof of the formation of free radicals, DCHM was tested as a polymerization initiator for 
various monomers: acrylonitrile, methyl methacrylate, methyl acrylate, acrylic acid, and vinyl chloride, The 
use of organometal compounds as polymerization initiators (except for the Ziegler and Natta systems) has been 


investigated by Koton [4], He found that organomercury compounds initiate polymerization, but only to a slight 
extent and at elevated temperatures, 


In our case also, reaction did not take place under ordinary conditions; however, when the oxygen was 
removed from the system, polymerization began at room temperature, Thus, the addition of 0,5 and 1% DCHM 
to methyl methacrylate brought about 5-6% polymerization in 5 hours at 30°, At 50°, the addition of 1.25% 
DCHM to this same monomer caused total conversion to solid polymer in 28 hours, The percentage conversion 
to polymer was higher for acrylonitrile, methyl acrylate, and acrylic acid, 


It may be assumed that when oxygen is present, the DCHM is oxidized, The resulting peroxide compound 
decomposes without initiation of polymerization, 


As already indicated above, we also investigated the oxidation of DCHM in isopropyl alcohol, chloroform, 
and carbon tetrachloride, The reaction product was analyzed by means of an IKS-14 in the absorption region 
of 400-2000 cm™, In order to determine the components quantitatively, a calibration graph was constructed 


from measurements carried out on standards dissolved in the same solvents; optical density (D) was plotted 
against concentration (C, %). 
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Oxidation of DCHM in isopropyl alcohol, A solution of 6,9 g (0,019 mole) of DCHM in 45 ml (0,7 mole) 
of isopropyl alcohol was oxidized over a period of 40 hr by bubbling dry oxygen slowly (0,3 liter/hr) through the 
solution, In order to accelerate the reaction, the solution was maintained at 60°, Mercury soon began to pre- 
cipitate, The amount of mercury precipitated was 2,43 g (64,4% of that originally present), Undecomposed 
DCHM was detected in the filtrate (34,5 g), The amount of filtrate distilled was 22,1 g, The following frac- 
tions were collected: 1) b,r, 81-130°, chiefly 81-83° (18.4 g); 2) b.r, 130-155°, chiefly 150-155° (1.84 g); and 
3) residue containing 0,4 g of a viscous yellow oil and 0,77 g of mercury, which corresponded to the decomposi- 
tion of 32% of the DCHM during distillation, 


Acetone was found in the first fraction, This was identified as the corresponding 2,4-dinitrophenylhydra- 
zone, m, p, 125° (from ethanol); a mixture with a known sample showed no depression of the melting point, 
The amount of acetone was determined by titration with hydroxylamine hydrochloride, and was found to be 
0,004 mole per 0,019 mole of original DCHM, Cyclohexene and cyclohexane were not detected, 


Only three products were found in the second fraction: cyclohexanol, 0,81 g (44%); cyclohexanone, 0,79 g 
(43%); and isopropyl alcohol, The fraction was quantitatively analyzed for cyclohexanone by means of the ab- 
sorption band at 1700 cm™, which is characteristic of valence vibrations of the C=O group, The absorption 
band at 1060 cm”, which is characteristic of C-OH vibrations, was used for cyclohexanol, The absorption 
band of the C-OH group of isopropyl alcohol did not interfere with the determination of cyclohexanol, since 
it was shifted to higher frequencies, 


The individual components of the kettle product were not identified; however, the presence of cyclo- 
hexanol and cyclohexanone was established, 


Oxidation of DCHM in CHCl,, A solution of 5,5 g (0,015 mole) of DCHM in 29 g (0,25 mole) of CHCl, 
was oxidized for 25 hr at 25° by the method indicated above, A total of 0,6 g of mercury (20% of the original) 
was precipitated, The filtrate (29 g) was immediately analyzed for cyclohexanol and cyclohexanone contents, 
The absorption band at 1710 cm™! was used for the quantitative determination of cyclohexanone, and the band 
at 1050 cm™ was used for cyclohexanol, The cyclohexanol and cyclohexanone amounted to 1,0 and 0,68 g, 
respectively, which corresponds to 33,2 and 22,5% of the original CgH,, radicals; the mole ratio of the first to 
the second was 1,45: 1, 


Cyclohexene and cyclohexane were determined in the low-boiling fraction (10 g) collected during vacuum 
distillation of the filtrate (13 g), They were present in equal amounts, and amounted to 2.5% each of the original 
CgHy radicals, The quantitative analysis was carried out by means of the absorption bands at 635 cm” for 
cyclohexene and 530 cm™ for cyclohexane, The olefin content was confirmed by bromate—bromide titration 
(2.8%). 


From the distillation residue (2,5 g) was isolated 1,5 g of cyclohexylmercury chloride, m, p, 163-164° 
(from acetone), The presence of this compound was confirmed by analysis for percentage contents of mercury 
and chlorine, 


Found %o: Hg 62,67, 62,81; Cl 10,75, 10,68, CgHyHgCl. Calculated %: Hg 62,86; Cl 11,12, 


The amount of cyclohexylmercury chloride was 3,35 g (70.1% of the original DCHM), 


Oxidation of DCHM in CCl, A solution of 9,6 g (0,026 mole) of DCHM in 25 ml (0,26 mole) of CCl, 
was oxidized for 30 hr at room temperature, A white crystalline precipitate of cyclohexylmercury chloride and 
an insignificant amount of mercury soon precipitated from the solution, From the reaction mixture was separated 
0,26 g of mercury (5% of the original) and 6,34 g of CgHyyHgCl (76% of the original DCHM), An insignificant 
amount of unoxidized DCHM was found in the filtrate, The cyclohexanol and cyclohexancne contents were de- 
termined by the method indicated above using the characteristic absorption bands at 1715 em” for CgHyO and 
1075 for CsHyOH, The amounts of CgHy,OH and were 0,52 g and 0,48 g, respectively, which 
amounted to a yield of 10% each on the basis of the original CgHy radicals, Cyclohexene and cyclohexane 
were determined in the low-boiling fraction, Their contents comprised 2% each on the basis of the original 
CgHy radicals, The same olefin content (2%) was obtained by bromate— bromide titration, 


LITERATURE CITED 
1, G. Griittner, Ber, 47, 1655 (1914), 


- 
1229 


2. A.G, Davies and J, E, Packer, J, Chem. Soc, 3164 (1959), 
3, A. E, Borisov, Izvest, Akad, Nauk SSSR, Otdel, Khim, Nauk, 524 (1951), 
4, M.M., Koton, Doklady Akad, Nauk SSSR 88, 991 (1953), 


1230 


EQUILIBRIUM POLYTHERM OF THE SYSTEM MgSO 4-NiS O4-H20 


O. S. Soboleva 


I, Franko L'vov State University 
(Presented by Academician N, V, Belov, June 13, 1960) 

Translated from Doklady Akademii Nauk SSSR, Vol, 135, No, 1, pp, 91-93, 
November, 1960 

Original article submitted June 7, 1960 


The literature contains indications of the existence of a continuous series of solid solutions for the hepta- 
hydrates in the system MgSO,4-NiSO,-H,0 [1], and there are data obtained in investigations of equilibria in the 
corresponding binary systems: MgSO4-H20 [2] and NiSO,4-H,0O (3, 4]. We have previously carried out an in- 
vestigation of equilibrium in the system MgSO4-NiSO,-H,O by the method of isothermal evaporation at 50, 45, 
40, 25, and, particularly, at 38°, and have constructed the isotherms [5], In addition, the equilibrium at 35° was 
investigated by isothermal crystallization from supersaturated solutions, A total of 83 points were studied, and 
for each point analyses of the solution and the crystals in equilibrium with the solution were carried out, The 
composition of the solid phase was determined by the method of Schreinemakers [6], An optical control was 
used to establish accurately the nature of the crystals; they were examined under the microscope, and their in- 
dices of refraction were determined by the immersion method [7, 8]. A thermal investigation of the hepta- 
hydrate solid solution has been carried out [9], In order to clarify the equilibrium conditions, we have used 
these data to construct two planar polythermal projections, which are presented in the present article, 


The first diagram (Fig. 1) is a concentration triangle on which the isotherms have been plotted; the poly- 
thermal projection is plotted as the heavy line, In the second diagram (Fig. 2), the proportions of MgSO, and 
NiSO, as both the salt in solution and in the crystals are plotted along the abscissa, and temperature is plotted 
along the ordinate, This diagram is a projection of the three-dimensional diagram on one of the faces of the 
MgSO,-NiSO,-t prism, The projection was constructed by means of lines drawn from the H,O-t edge parallel 
to the base of the prism, The heavy lines on the diagram represent the composition of the salt in solution, and 
the finer lines are curves corresponding to the composition of the corresponding crystals, 


There are three two-phase equilibria on both diagrams: a field in which monoclinic hexahydrate crystals 
(RSO4 * 6H2Qp ono) separate, asmall closed field of tetragonal hexahydrate crystals (RSO,4 and a field 


tetr 
in which rhombic heptahydrate crystals (RSO4* 7H2O,p) separate, 


Although investigations have not been carried out above 50°, there is no doubt that at a temperature above 
53,8° and below the temperature at which monohydrate formation begins there will be a continuous series of 
solid solutions of monoclinic hexahydrates, We have previously obtained the almost complete distribution curve 
for this series over the interval from 0 to96 mole % NiSO,[10], In contrast to the salt in the corresponding 
solutions, the crystals are enriched in the nickel component, and the maximum difference between its content 
in the crystals and in the salt in solution reaches 12%, This field narrows in the direction of lower temperatures; 


i,e., in the three-component system, the crystals will precipitate from solution prior to a temperature of 38,2° 
(quadruple point), 


The field in which tetragonal crystals separate is represented by a small closed zone in the region rich in 
the nickel component, As in the case of the monoclinic crystals, the solid phase is enriched in the nickel com- 
ponent in comparison to the salt material in the solution, and (judging from the univariant equilibrium curve 
in Fig. 2) the accumulation of the nickel component is greater in these crystals, The addition of the magnesium 
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component to the solution somewhat lowers the transition point of tetragonal to monoclinic crystals and in- 
creases the transition point of rhombic to tetragonal crystals, Thus, in the three-component system, the tetra- 
gonal crystals exist in equilibrium with the solution between the transition points for the pure nickel salts, and 
the temperature interval in which they are stable becomes narrower with the addition of the magnesium com- 


The field in which heptahydrate crystals separate is located at lower temperatures, A continuous series 
of solid solutions will exist at a temperature below 30,7°, We have studied the distribution curve for this series 
at a temperature of 25°; here, too, the solid phase is always enriched in the nickel component as compared to 


the salt in the corresponding solution, but the difference between these contents is less than in the case of the 
monoclinic crystals (maximum difference of 8%), 


Thus, in all three fields the solid phase is enriched in the nickel component as compared to the salt in 
solution, and, consequently, during isothermal evaporation the change in the composition of the solution will 
take place in the direction of enrichment of the salt in solution with respect to the magnesium component, 
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These fields are separated by three univariant equilibrium curves — AL, BL, and CL, For the three-phase 
equilibrium, the curves determining the compositions of the solid phases (Fig. 2) always lie on one side of the 
curve determining the composition of the salt in solution; consequently, isothermal evaporation will be charac- 
terized not by the simultaneous crystallization of two solid phases, but by a reaction between the solution and 
one of the solid phases with the formation of the other solid phase, 


For this case, the nature of the crystallization process during cooling in a closed system is determined on 
the first diagram (Fig, 1) by the position of the tangents to the univariant equilibrium curve with respect to the 
corresponding phase triangle, For the purpose of illustration, we have drawn the phase triangle for a tempera- 
ture of 45° (L'SjS3), It is seen that if a tangent to the curve AL is constructed at the point L" it will lie outside 
the phase triangle; this will be a characteristic of all curves at all points, and it indicates that the process be 
longs to the peritectic type. 


The univariant equilibrium curves determine the position of the quadruple point L, at which they will meet, 
Extrapolation of curves AL and BL (Fig, 2) by drawing secant lines through two neighboring experimentally deter- 
mined points (i,e,, replacement of this portion of the convex curves by straight lines) on a special large-scale 
diagram gave us the point of intersection 38,4°, which determines the upper temperature limit for the quadruple 
point, An investigation of the equilibrium at 38° showed that this isotherm passes below the triple point, since 
it traverses only the fields in which rhombic and tetragonal crystals separate, Thus, a temperature of 38,2°+ 0,2° 
is established for the quadruple point, The compositions of the phases at this point (crosses in Figs, 1 and 2) were 
determined graphically, 


Salt in solution 85,1 mole % (based on the anhydrous salt) 
RSO4* 6H20,, ono 90.8 mole % 


RSOg* TH2O 89,3 mole % 


The solutions contain 29,2 wt, % NiSO, and 4 wt, % MgSO,4. The phase tetragon (LS,S2S3) has been constructed 
in Fig, 1; since the tetragon is convex and the composition of the liquid phase does not lie inside the solid phase 
tiangle at the invariant point,the process is of the peritectic type with a reaction according to 


solution + RSO,°* 6H20 mono = RSO,* 6HOtetr RSO, TH20+hom 
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We have previously studied interaction in the system Co(NO3))-KCl in a nitrate melt[1], The present 
work was devoted to an investigation of interaction in the systems Co(NO3)-KBr and Co(NO3))-KI in a nitrate 
melt and the interaction occurring when the components are directly contacted in the absence of a solvent, 


The high-temperature spectrophotometric method used has previously been described [1], The solvent 
was a molten mixture containing 45 mole % LiNO, and 55 mole % KNO3. Since KBr and, particularly, KI are 
unstable in an acid nitrate melt and Co(NO,) is unstable in an alkaline nitrate melt, measures were taken to 
maintain the melt at a suitable acidity, This was accomplished by a preliminary melting and freezing of the 
acid solution of Co(NO ), in the nitrate melt, once for the system containing KBr and four times for the system 
containing KI, and a new portion of the resulting Co(NO 3) solution was taken for each experiment, 


Figure 1 shows the changes in the absorption spectrum of an 0,0025 M solution of Co(NO3), caused by the 
formation of bromide complexes, The following maxima appear successively with an increase in the KBr con- 
centration; anobscuredmaximum at 580 mp, maxima at 610, 640, 660, and 695 my, and anobscured maximum 
at about 730 mp, That the maxima appear independently, a fact which is especially evident upon comparison 
of the data obtained at different temperatures, allows assignment of these maxima to the following individual 
complex ions:[CoBr]* , [CoBtg], [CoBr3}”, , [CoBrs]*, [CoBrgJ*. S, A. Shchukarev and O, A, Lobaneva 
[2], in a spectrophotometric study of acetone solutions of bromide complexes of cobalt, found absorption max- 
imaat720, 700, 670, 640, and 580 mu, which they ascribed to the formation of the following complex com- 
pounds, respectively: Lig¢CoBrg], L1,[CoBry+ 2 ac], Lif{CoBrg*3 ac], [CoBr, *4 ac], [CoBr+5 ac]Br, The complex 
compound of the composition Li,[CoBr, + ac] was stated to have disproportionated, However, the values of the 
successive stability constants obtained by Lobaneva [3], Kg = 21, Kg = 8, Kg = 2, contradict the notion of dis- 
proportionation of this complex, It may also be said that the curves which formed the basis for the separation 
of the individual absorption maxima [2, 3] clearly indicate the existence of a major maximum at 700 mp 


for n = 5 and at 670 my for 1 = 4, In view of the curve for = 2, it is impossible to make any generalizing 
statements, 


Thus, the positions of the major absorption maxima found in the present work and by the authors cited 
above are basically in agreement and can be assigned to the corresponding complexes, The successive shifts 
in the absorption band toward the long-wave region with increasing Br” content of the ions in the complex 
down to the complex having the composition [CoBK]J*~ indicates a successive weakening of the crystal field 
surrounding the Co** ion with basic retention of the octahedral configuration, The probable locations of the 
absorption bands of the individual complexes were calculated starting with the concept of a neutralization of 
the effect of the crystal field of the ligands upon replacement of NO; ions in the octahedral [Co(NOs),]*~ com- 
plex by Br” ions, It was found that complexes having the compositions [Co(NOs)Brs]*”, [Co(NO,),Br4J", 
[Co(NO and [Co(NO,)sBr}* should absorb at wavelengths in the regions of 695, 658, 
604, and 580 my. The good agreement of the calculated and experimental locations of the absorption maxima 
indicates the existence of the individual complex ions noted above, 
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Fig, 1. Changes in the absorption spectrum of an 0,0025 M 
solution of Co(NO 3), caused by the formation of bromide 
complexes at 160° (a) and 200° (b), The numerals designate 
curves obtained with the following ratios NOs)’ 
1) 0; 2) 8; 3) 16; 4) 32; 5) 64; 6) 128; 7) 256; 8) 400; 8a) 
saturated solution, 
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Fig. 2, Isomolar series in the system Co(NO3)-K2Br, at a 
total concentration of 0,025 moles/liter, n = Cy, p,/ 
/CEo(NO,)_* 1) 160°; 2) 200°; a) 610; b) 680; c) 660; d) 
700 mu. 


Figure 2 presents data obtained by varying the ratio of the molar concentration of K 2Brz to that of Co(NO3) 
while maintaining the total concentration constant at 0,025 M, As may be seen from the figure, the complexes 
formed in the system tend toward the composition [CoBR] with A 610 my at a temperature of 200° and to higher 
coordination numbers (relative to Br ) with longer wavelengths and at 160°, 


Figure 3 shows the changes in the absorption spectrum of an 0,0025 M solution of Co(NO,), in the nitrate 
melt caused by the formation of iodide complexes, The following maxima appeared in succession with an in- 
crease in the KI concentration;an obscured maximum at about 590 mp and maxima at 610, 650, 695, 750, and 
780 my, which can be assigned, respectively, to the complex ions [CANOs)I]*, [CANOs)12]*, [CO(NOs)sIg}*, 
[CoNOs)]J* , [Co(NO,)I,J*” and [CokJ*”, On the basis of the locations of the absorption bands of the octa- 
hedral ions [Co(NOs)gJ*" (555 my) and [Cok J*~ (780 my), the locations of the bands of the intermediate com- 
plexes were calculated on the assumption of retention of the octahedral configuration and the neutralization 
effect of the crystal fields of the ligands, The absorption bands calculated for the ions [Co(NOg)sI}*”, [Co(NO;),h]*”, 
[CO(NOs)slg}*” , [Co(NOs)pJ*”, [Co(NOs)Ig]*™ lie in the regions of the wavelengths 585, 615, 650, 695 and 730 my, 
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Fig. 3, Changes in the absorption spectrum of an 
0.0025 M solution of Co(NO3}) caused by the for- 
mation of iodide complexes at 160°, The num- 
erials designate curves obtained with the follow~ 
ing ratios Cxy/CoQNno,)' 1) 0; 2) 32; 3) 48; 4) 
64; 5) 80; 6) 96; 7) 128; 1a) absorption curves 
for Ig 
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Fig. 4. Solid-phase reactions in the systems 
Co(NO,) * 6H2O — KC1 (1) Co(NO4) 6H,0 — 
KBr (2), Co(NOg)2 * 6H,O — KI (3), 


respectively. It is evident that, with the apparent ex- 
ception of the tetragonally distorted [Co(NO,)I,J*”, the 
calculated bands agree with the experimentally deter- 
mined bands, which confirms the existence of the octa- 
hedral mixed iodide complexes of Co*, 


In addition to the absorption bands already noted, 
there was another, very intense band in the region of 
400 mu; this band shifted toward longer wavelengths 
with an increase in the concentration of KI, and it is 
probably connected with the allowed transition + 
+ hv =Co'l, Owing to the presence in the nitrate melt 
of strong oxidizing agents, this transition could promote 
oxidation of the I” ion, Actually, at 160°, the solution 
of KI in the nitrate melt subjected to the treatment 
described above was substantially stable for a long time. 
When Co" ions were present in the solution, slow de- 
composition of the KI took place with the liberation 
of I,. The rate of decomposition increased with an in- 
crease in the KI concentration. Unfortunately, it was 
not possible to separate this band, since the absorption 
band of I, is located in this same wavelength region, 


Figure 3 shows a part of the absorption curve of I, 
in a nitrate melt acidified for KI decomposition, 


Figure 4 shows absorption curves of samples pre- 
pared by pressing Co(NO3) * 6H2O with the potassiurn 
halide, The absorption was measured relative to that 
of a disc pressed from the corresponding potassium 
halide with the addition of KNO3. Just on mixing of 
Co(NO3)2 * 6H2O crystals with the potassium halide, the 
rose color of the Co(NO3)2 6H,O crystals changed to 
blue (the color of chloride and bromide complexes) or 
dark green (the color of iodide complexes), This is 
an equilibrium reaction, and the equilibrium state de- 
pends greatly on the temperature and moisture of the 
air and on the hygroscopic nature of the potassium 
halide used, Therefore, in the preparation of the higher 
cobalt complexes, the mixture of Co(NO 3), + 6H,0 
crystals with KCl and KI were first dried at 30-50°, 


As would be expected, higher halogen complexes with even numbers of halogen ions were formed in this case: 

K and, possibly, with A = 690 and ~ 630 mu (curve 1), Kg CoBrg] and + 
with X = 725 and ~ 670 my (curve 2), and KgColg] and, probably, Kg[Coly* 2H,O] with A = 782 and ~ 700 mp 
(curve 3), On curve 2 there is also apparent a true shoulder of an intense band due to the allowed transition, 
which is not accompanied in this case by oxidation of KI owing to the absence of electron acceptors, In Fig, 1 
there is also a weak band at 535 my, which is possibly related to Kea[CoCk]. That the curves of Figs, 2 and 3 
have no maxima at 695 my and 750 my, which correspond, respectively, to the KBr and KI systems in solution 
and in the melt, is merely a confirmation of the existence in the liquid state of complex ions having the com- 
position [CoAX,]}", where A is the solvent or anion of the melt and X isI or Br. 


Summing up this study of interactions of the Co** ion with halogen ions in a nitrate melt, it may be said 
that all of the complexes investigated are formed by exothermic reactions and increase in stability in the order 
Cl, Br, I, According to the data of Lobaneva [3], in acetone solutions the stability of complex Cott halides, 
as measured by AF, decreases in the order Cl, Br, I; the endothermic nature of the process decreases in the order 
Br, Cl, I, and AS compensated the endothermic nature of complex formation, In the nitrate melt, owing to the 
exothermic nature of the processes by which NO; ions are replaced by halogen ions, the stability of the com- 
plexes follows the order which is most favorable energetically, 
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a& -2CaO+SiO,+H,O is a synthetic hydrosilicate which is formed during the reaction between CaO and 
SiO, under hydrothermal conditions [1]; it can be present in lime — sand construction materials and cements 
which have been processed in an autoclave [2], Its harmful effect on the strength of these products is well 
known [3], Nevertheless, the properties of the «-hydrate itself have not been studied to any extent, The pre- 
liminary, very incomplete analysis which has been made of its structure [4] cannot explain the peculiarities of 
its behavior under hydrothermal conditions, 


We have studied the formation of « -2CaO+-SiO,*H2,O from a mixture of calcium oxide and crystalline 
silica at 170-175°, which corresponds to a pressure in the autoclave of 8 atm, gauge, The CaO was obtained by 
calcination of natural calcite at 1000°, Finely ground rock crystal served as the crystalline SiO,, The CaO— 
SiO, ratio was 2:1 in all of the samples investigated, The amount of liquid phase exceeded that of the solid 
phase by a factor of 20, Duration of the treatment was from 2 hours (2, 4, 6, etc,, up to 24) to several days 
(2, 3, 5,10, 15, 20), After the required soaking, the autoclaves containing the samples were quenched in water, 
The investigation was carried out by differential thermal analysis and by x-ray and chemical methods, Parti- 
cular attention was given to a microscopic study of the preparations by immersion methods, 


The results of the investigation permit us, first of all, to suggest a possible course of the formation of 
a -2CaO+SiO,*H,O, In our opinion, the precursor of the a -hydrate is a finely disperse, isotropic, almost amor- 
phous (according to x-ray data) hydrosilicate, which we denote by X and which has a CaO—SIO, ratio below 2, 


The microscopic study gave a graphic picture of the conversion of hydrosilicate X to the a-hydrate, Thus, 
the sample which had received a 6 hour treatment contained, in addition to birefringent Ca(OH),, a fine- 
grained, very slightly birefringent mass with an average index of refraction of 1,57, The differential thermal 
analysis curves of Fig, 1 show an endothermic reaction at a temperature of approximately 500-520° (curves 1-6, 
8, and 11), which is characteristic of calcium hydroxide, and another in the range of 700-800°, which is prob- 
ably peculiar to hydrosilicate X, since no other phases capable of giving such an interruption in the curve were 
detected, An increase in the soaking time to 8 hours led to coarsening of the grains of hydrosilicate X (Fig, 2, 1), 
part of which acquired birefringence, and there was also an increase in refractive index to 1,64-1,65, And, 
finally, after 10 hours of synthesis the sample consisted almost eutirely of birefringent plates (Fig, 2, 2) of 
SiO, H20 (Ny = 1,633; Np = 1.614), 


The endothermic reaction below 500° (Fig, 1, 3-12) is a reliable sign of the presence of a-hydrate, Accord- 
ing to chemical analysis, the amount of Ca(OH), not tied up in the hydrosilicate was a minimum, Analysis of 
the ionization intensity curves (Fig, 3) and calculations showed that hydrosilicate X has only two characteristic 
lines, 3,02 A and 1,82 A, The lines at 3,02 and 1,82 A were very strong on the x-ray photographs of the samples 
treated for 6 and 8 hours, The intensity of these lines decreased significantly with the formation of a -hydrate 
(Fig, 3, 3), There was a simultaneous decrease in the amount of free Ca(OH)g, The change in the relative 
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Fig. 1. Differential thermal analysis curves 
for the hydrothermal synthesis products, 


amounts of hydrosilicate X and a -hydrate could be traced by comparing the intensities of the major maxima, 
denoted by X anda, respectively, on the x-ray photographs, 


In addition, studies of mixtures obtained after prolonged syntheses disclosed peculiarities in the be- 
havior of the a-hydrate, Thus, the sample obtained from the 12 hour treatment showed some unexpected fea- 
tures (Fig,.2, 3); the majority of the « -hydrate crystals had disintegrated, were pulverized, and, occasionally, 


had lost birefringence, The amount of free Ca(OH), had increased, The intensities of the lines at 3,02 and 
1,82 A had increased to strong (Fig. 3, 4 and 5), 


With longer treatment, the a-hydrate again crystallized, The amount of free Ca(OH), decreased (sample 
obtained from the 16 hour synthesis) and completely disappeared (18 hour synthesis), The line at 3,02 A for this 


sample became diffuse, and the line at 1,82 A almost disappeared (Fig, 3, 6), The x-ray picture corresponded 
to a-2Ca0O- SiO, H,0, 


Periodicity appeared in the assimilation of calcium hydroxide during the more prolonged treatments, 
Thus, the amount of free Ca(OH), was insignificant in the samples obtained after a 22 hour synthesis (Fig. 1, 8) 


and even after a 15 day synthesis (Fig, 1, 11), Carrying out the synthesis for 20 days led to the formation of a 
fibrous hydrosilicate, 8-2CaO+-SiO,+H,0, which we identified as hillebrandite, 


The cause of the disintegration of the a-hydrate with a simultaneous increase in the content of free 
Ca(OH), and hydrosilicate X in the sample is, in our opinion, the following. 


Formation of the structure of the «-hydrate apparently proceeds by addition of calcium hydroxide to 


hydrosilicate X. In addition, disordered cocrystallization of a-2CaO -SiO,+H,O and Ca(OH), is possible in the 
initial stage of the process, 


The reason for the tendency toward easy decomposition of aggregates of a -hydrate with the hydroxide 
accompanied by splitting out of the latter is apparent from the preliminary structural analysis — the structures 
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Fig, 2, Photomicrographs of hydrothermal synthesis products after 8 (1), 10 (2), 12 (3), 
16 (4), and 24 (5) hours soaking, Crossed nicols, 450 x. 


of the «-hydrate and Ca(OH), have nothing in common, Consequently, under conditions favorable for the 
existence of a-hydrate, well-formed crystals of this compound grow (Fig, 2, 5), 


Since hydrothermal synthesis conditions are not ideal for the growth of perfect crystals, more prolonged 
treatment canresult in the formation of defectivecrystals of «-hydrate or isolated portions of them, and these 
undergo disintegration, Therefore, there is a periodic appearance of an insignificant amount of free Ca(OH),. 


Under the microscope, the disintegrated a-hydrate had patterned edges, and some of the plates were 
highly corroded (Fig, 2, 4), Corrosion sometimes proceeded to such an extent that the crystals lost their bire- 
fringence, Moreover, their refractive index decreased and varied from 1,57 to 1.6, The loss of birefringence 


is possibly associated with partial formation of an amorphous structure, Nevertheless, the plates retained the 
habit of «-hydrate, forming pseudomorphs, 


The ability of the a-hydrate to capture hydroxide and the splitting out of the latter constitute the reasoti 
for the variable composition, for which Kalousek proposed [1] 1,5-2,4 CaO+SiO,*1-1.25*H,O, and may be a 
partial explanation of the cyclic changes in strength [5] of autoclaved construction materials, 
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Fig, 3. Ionization intensity curves for the products of hydrothermal synthesis, 
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In the course of our study of the interaction of diacetylene with primary and secondary alkylamines [1), 
we found that the major reaction products are 1,4-N-alkyldiamino-1,3-butadienes and 1-N,N-dialkylamino- 
1-buten-3-yne, respectively, In a continuation of our work along this line, we have been able to separate the 
geometric isomers of 1-N,N-diethylamino-1-buten-3-yne (I and II) from the reaction mixture obtained in the 
interaction of diacetylene with diethylamine: 


HC = C—C= CH + HN (C2Hs)2— (C2Hs5)2 N C =CH+ 


CH=CH (1) 
+ (C2Hs)2 N 


(Il) ‘CH=CH 


The cis and trans structures of the 1-N,N-diethylamino-1-buten-3-yne isomers were confirmed by the chemical 


reactions of these compounds and by spectroscopic analysis, It may first be noted that isomer I is converted to 
isomer II by heating, 


A comparison of the u.v, spectra of the two compounds (Fig, 1) shows that the spectrum of isomer II has 
a higher intensity than the spectrum of isomer I, An investigation of the i.r, spectra of compounds I and II 
(Table 1) showed that absorption bands in the region of 800-1000 cm™'were not present in the spectrum of isomer 
I, while an intense absorption band, characteristic of the trans configuration, was present at 945 cm™ in the 
spectrum of isomer II, The spectrum of isomer I had an intense absorption band at 692 cm™', which can be 
assigned to the CH deformation vibration of the cis isomer, The corresponding band in this region was not pres- 
ent in the spectrum of isomer II, Moreover, the i.r, spectra of isomers I and II were taken with an apparatus 
having a high resolving power,* and it was found that the double bond band could be resolved into two com- 
ponents, Furthermore, these two components had different intensities in the spectra of the two substances, Since 
substances I and II could only be geometric isomers or isomers differing in substituent positions, (C2Hs)2NCH = 
= CH-C = CH and CH = CN(C2Hs)2 — C = CH, the absence from the i.r, spectra of absorption bands for these 
substances in the regions of 885-895 cm™ and 3075-3095 cm™, which are characteristic of terminal double 
bonds, is proof of cis trans isomerism, Position isomerism may also be refuted on the basis of an investigation 


of the products of the addition to I and II of amines (III), alcohols (IV), and mercaptans (V), which yielded the 
respective 1,4-substituted 1,3-butadienes: 


*UR-10 spectrophotometer, 
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= CH — CH =: CHNHG Hn 


c,H,OH 
(C:Hs)sNCH = CH —C = CH 


(CzHs)2NCH = CH — CH == CHOCyHy 
(IV) 


(CoHs)2NCH = CH == CHSC,Hs 
) 
TABLE 1 


Absorption band Assignment of bands Absorption band Assignment of bands 


frequency, cm™ to functional groups frequency, cm™! to functional groups 
and bonds and bonds 
substance substance substance | substance 
I II I II 
692 s = C=C (cis) 1308 av 1303 av 
804 av 908 w - 1357 av 1362 av CHg 
= 945 s C=C (trans) 1374 av 1381 av = 
1000 av 1010 av = 1398 = 
1064w 1037 av - 1405) | 1409 av 
1100 av 1082 av 1449 av 1452 av CHg 
1203 s 1120 s. =n: 1463 av 1465 av CHe 
Zz 1215 w 1196 s - 1618 s 1616 s C=C (conjugated) 
: 1256 s 1264 s - 2075 s 2078 s C =C (conjugated) 
1277 w 1282 w 


Notation: s — strong band, av — band of average intensity, w — weak band, 


TABLE 2 


Solvent Position of band, cm7! 


cCl, 1624, 1578 
CHC], 1620, 1573 


Pure substance 1620, 1576 . 
300 
Fig. 1. 


The interactions of n-amylamine with isomers I and II under analogous conditions resulted in the forma- 
tion of 1,4-amino derivatives of butadiene (III) having equivalent physicochemical constants and picrates and 
similar i, r, spectra, The formation of the same butadiene III from substances I and II would be improbable if 
I and II were position isomers, On the contrary, the comparative ease of the interconversion of cis—trans isomers 
is well known, Moreover, the i. r. spectra of butadienes III, like the spectra of the products of the addition of 
butyl alcohol (IV) and ethyl mercaptan (V) to 1-N,N-diethylamino-1-buten-3-yne (I), did not have absorption 


bands corresponding to terminal double bonds, which excludes the presence of the latter in the original isomers 
and II, 


On the basis of the ratios of boiling and freezing points of isomers I and II and of the intensities of the 
u,v, spectra of these substances, and also on the basis of the presence or absence of absorption bands in the 
region of 800-1000 em” in the ir, spectra, we propose that the major product of the reaction of diacetylene 
with diethylamine (I) is the cis isomer with a trace of the trans component, while the second product, I, con- 
sisted predominantely of the trans isomer, The possibility that the latter was formed as a result of isomeriza- 
tion of the cis isomer during distillation cannot be excluded, 


Thus, the basic course of the reaction of diacetylene with diethylamine is addition with the formation of 
cis-1-N,N-diethylamino-1-buten-3-yne (I); this is in agreement with the results of the ionic interaction of thiols 
with diacetylene [2], which takes place stereospecifically and obeys the “trans-addition® rule, 
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This course of the reaction is also in accord- 
ance with the course of the reaction of diacety- 
lene with primary alkylamines, which has been 
demonstrated for n-butylamine [1], The major 
product of the reaction of diacetylene with n- 
butylamine is 1,4-di(N-butylamino)-1,3-buta- 
diene (VI), CgHJNHCH = CH— CH = CHNHC4Hy 
with a cis—cis disposition of the substituents with 
respect to the double bonds, The structure of 
butadiene VI was also confirmed by diene syn- 
thesis and by spectroscopic analysis, The ease 
with which VI enters into diene synthesis some- 
what contradicts its cis—cis configuration, Con- 
struction of a Briegleb model of cis-cis-buta- 
diene VI showed that a planar structure is unfavor- 
able for this molecule; apparently, in the actual 
molecule there is deviation from coplanarity with 
small deformation angles, In this case, entry into 
diene synthesis with a lower activation energy 
than for the usual cis—cis forms becomes possible, 


bond, 


Frequency of 
CHat double 


le 
and, 


Spectroscopic datas 


Frequency of 


multi 
bond 


S — 17,30 


Calculated, % 
10,33 


64,80 


We were also able to establish that this 
1,4-di(N-butylamino)-1,3-butadiene (VI) did 
not contain the possible tautomeric form with a 
>C =N-—bond, Owing to the limited amount 
of literature data on the spectra of substances 
containing a > C=N-— bond [3], the mere ab- 
sence of the > C=N-— frequency from the i.r, 
spectrum of butadiene VI cannot serve as con- 
firmation of the absence of this bond in this com- 
pound, Therefore, we studied the i,r, spectra of 
butadiene VI in polar and nonpolar solvents, 
Such solvents should have an essential effect on 
the location of the absorption bands of > C=N-— 
and > C=C < bonds, a substantial effect for the 
first and a slight effect for the second bond, An 
examination of Table 2 reveals that the change 
in location of both absorption bands was insig- 
nificant and did not exceed the limits of error of 
the measurements (+ 5 cm"), 


S — 17,20 


10,61 


64,88 


0,8570 | 78,26 


0,924 


1,5177 


1{01—102°/3 


m.p. in 
°C 


Moreover, if the > C=N — bond were pres- 
ent in butadiene VI, the Raman spectrum should 
have two absorption bands, since the frequency 
of the > C=N-— bond is rather intense in Raman 
spectra, In the case of the diene structure 
> C=C-C=C <, one of the frequencies may 
Not be present in the Raman spectrum since the 
symmetry is such that only alternate modes may 
be active in the Raman, In fact, only one line, 
in the region of 1600 cm, was found in the 
spectrum, The presence of a > C=N-— bond 
(absorption frequency 1684 cm”! in the infrared 
spectrum) was detected in the second substance, 


reactant 


CHSC,H, (V) 


CH-cis-(I) 
CH—CH=CHNHC,H, (VI) 


trans-(I!) 
CH—CH=CHNHG,H,, (III) 


Chat 
(IV) 


* The i.r. spectra were taken with an IKS-14 double beam infrared spectrophotometer. 


Properties of the Compounds 


TABLE 3 
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which was formed in very small amounts as a result of the reaction of diacetylene with n-butylamine, An in- 
vestigation of this compound is in progress, 


EXPERIMENTAL 


Interaction of diacetylene with diethylamine, The method used has been described previously (1), From 


45 g of diethylamine (b, p, 55°; nD 1,3870) and 7 g of diacetylene was obtained 34,2 g of the original diethyl- 
amine, 9.4 g of diethylethynylvinylamine (I) (b. p. 72-75711 mm), 3,4 g of a fraction which boiled at 75-79°/ 
/11 mm, and 4,5 g of tar, The high-boiling fractions from several experiments were combined and distilled 
under vacuum (15 mm) in a column, Substance II with a b, p. of 89°/15 mm and a f, p, of —46° was obtained 
from the distillation, When I (b, p. 75°/12 mm; n°D 1.5176) was heated for 4 hours at 100-120°, a fraction 
with a b, p, of 75-82°/12 mm and °p 1,5189 was obtained; this fraction was a mixture of substances I and II, 
The physicochemical properties and analyses of substances I and II are shown in Table 3, 


Interaction of diethylethynylvinylamine (II) with n-amylamine, A mixture of 1,5 g of diethylethynyl- 
vinylamine (II) and 4,5 g of n-amylamine (b, p, 104°; 1 °D 1,4123) was heated under vacuum (70-80 mm) for 
13 hours, The reaction products were distilled, and 2,6 g of the original n-amylamine, 2,2 g of III, and 0,4 g 
of tar were obtained, Butadiene III (1’°D 1,4996) was identical to the 1-N,N-diethylamino-4 -N'-amylamino-1,3- 
butadiene which we previously prepared [1] from the major fraction of 1-N,N-diethylamino-1-buten-3-yne (1), 
The picrate of butadiene III melted at 78°, A mixture of the picrates of the butadienes obtained by the inter- 
action of isomers I and II with n-amylamine melted without depression of the melting point, 


The addition of diethylamine to I required more prolonged heating (80 hours) and gave a lower yield (10%) 
of the corresponding butadiene, 


Interaction of diethylethynylvinylamine (I) with butyl alcohol, A mixture of 8,5 g of diethylethynyl- 
vinylamine (I) and 11 g of butyl alcohol was heated, with stirring, to 90-100° over a period of 5 hours, main- 
tained at this temperature for a day and then distilled under vacuum, The following fractions were obtained; 
9.3 g of unreacted butyl alcohol, 3,8 g of diethylethynylvinylamine, 3,2 g of a fraction boiling at 123-154°/ 


/23 mm, and 2,1 g of tar, This third fraction was distilled in a column, and 4-butoxy-1-N,N-diethylamino-1,3- 
butadiene (IV) was obtained (see Table 3), 


Interaction of diethylethynylvinylamine (I) with ethyl mercaptan, A mixture of 12,4 g of diethylethynyl- 


vinylamine (I) and 12,4 g of ethyl mercaptan was heated, with stirring, to 80-90° over a period of 9 hours, main- 
tained at this temperature for a day, and then distilled under vacuum, The distillation yielded 8.5 g of ethyl 
mercaptan, 1,2 g of the original amine, 9,5 g of a fraction boiling at 110-127°/5 mm, and 3,7 g of tar, A 
second distillation of the fraction separated 1-ethylmercapto-4-N,N-diethylamino-1,3-butadiene (V) (see Table 


3) and a high-boiling fraction, the i,t, spectrum of which disclosed the presence of an ethylenic bond, This 
fraction is currently under investigation, 
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The catalytic properties of charcoal, particularly of activated birch charcoal, have still not received 
sufficient study, However, work by various authors has provided interesting observations relative to the ability 
of birch charcoal to catalyze different reactions, Thus, Bahr[1] and later Balandin and co-workers [2] estab- 
lished the catalytic effect of activated carbon on the dehydration of cyclohexanol, P, G, Ivanov showed that 
highly active birch charcoal has the ability to catalyze the dehalogenation of chloro-, bromo-, and iodobenzene 
at 350° in an atmosphere of hydrogen [3] and to promote the halogenation of benzene [4], Moldavskii and co- 
workers [5] found that activated birch charcoal can also catalyze the dehydrogenation of cyclohexane at 530- 
560° at low space rates of the order of 0,14 hours”, Studies of the conversions of certain terpenes [ 6] and cyclo- 
hexene [7] established the ability of activated carbon to carry out irreversible catalysis, Kazanskii and co- 
workers [8] showed that activated carbon can catalyze the isomerization of alkylcyclopropanes and hydrogena- 


tion of the resulting alkenes, Moreover, carbon has proved to be an effective dealkylation catalyst [9] for the 
demethylation of toluene to benzene, 


The present investigation was devoted to a study of the behavior of cyclopentenes under the influence of 
different activated carbons at elevated temperatures and reduced pressures, 


We found that cyclopentene aud methylcyclopentene undergo dehydrogenation to cyclopentadiene and 
methylpentadiene, respectively, in the presence of activated birch charcoal from the Perm plant, BAU grade 


fine-grain carbon, and bone charcoal at 600° and a reduced pressure of 10-15mm; the extent of conversion was 
5 and 48%, respectively: 


(R) (R) 


= 1] + Hz, where R = H or CHg. 
NF 


Moreover, methylcyclopentene underwent no change when passed over quartz chips under the same con- 
ditions, 


In addition to methylcyclopentadiene, the catalyzate obtained from 1-methyl-1-cyclopentene contained 
about 5% cyclopentadiene, 5% 1-methyl-2-cyclopentene, and up to 10% benzene, calculated on the methyl- 
cyclopentene charged, One of the possible routes for the formation of benzene is apparently isomerization of 
the methylcyclopentene to cyclohexene and subsequent dehydrogenation of the latter: 

CHs 


NZ 


while the cyclopentadiene is, in all probability, either the product of hydrogenolysis of the methyl group of the 
methylcyclopentadiene formed in the reaction: 


CHs 


4 


or of hydrogenolysis of the methyl group of the 1-methyl-1-cyclopentene with subsequent dehydrogenation of the 
resulting cyclopentene; 


CHs 
-—CH, — 


These results show that under the conditions investigated, activated carbon is highly active in promoting 
dehydrogenation of cyclopentenes to the corresponding cyclopentadienes, and it can also promote dehydroisom- 
erization and dealkylation reactions, though to a much smaller extent, 


EXPERIMENTAL 


The 1-methyl-1-cyclopentene (b, p. 75,5-76°/756 mm; m°D 1,4330; , 0.7799) was prepared by the 
dehydration of cyclohexanol with simultaneous contraction of the ring over aluminum oxide: 


CHs 


+H,0 
“wr 


The cyclopentene (b, p, 44,5°/757 mm; m°D 1.4220; 0,7714) was synthesized from cyclopentanol 
according to the scheme: 


skel. Ni—Al —— MgsQ, —— +HO 
LJ 310° LU 
i 

Oo 


H 


Three grades of carbon were used as catalysts: activated charcoal from the Perm plant with a grain size 
of 5-6 mm and an ash content of 0,48%, fine grain BAU, and bone charcoal, These activated carbons were 
given a preliminary treatment with 10% hydrochloric acid, distilled water, 5% NaOH, and, finally, water. 


The cyclopentenes were passed over the carbon in a quartz tube at 450-600° at a space rate of 0,25-1.0 
hour”; 10 ml portions of the feed were used, The pressure in the reaction zone was held at 10-15 mm, Im- 
mediately after the conclusion an an experiment, the cyclopentadiene or methylcyclopentadiene content of the 
catalyzate was determined by the method of Afanas*ev [10], The catalyzates were then fractionated into close 


cuts, and the resulting fractions were analyzed by Raman spectroscopy,* The composition of the gaseous prod- 
ucts was determined chromatographically (11), 


* The Raman spectra of the catalyzates were investigated by Yu, P. Egorov and G, K, Gaivaronskaya, to whom 
the authors are indebted, 


3 2-Methyl-1-cyclopentene is obviously formed as a result of a double bond shift in the original hydrocarbon: 
CHs CH; 

\Z \4 
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Dehydrogenation of Cyclopentenes over Samples of Activated Carbon 


Original Temp., | Space rate,| Yield of tr D Yield of cyclopenta- 
hydrocarbon hours” catalyzate,| of cata-| dienes 
Wt, % lyzate 


Catalyst % of cata-|% of hy- 


lyzate drocarbon 
fed 


Activated birch char-| 1-methyl-1-cyclo- 95.5 1,4357 4,8 
coal from the Perm | _pentene 94,8 0.4435 
plant 93,3 1.4485 

92,1 1.4520 

92,0 1.4515 

90,2 1.4525 

90.9 1.4520 

Fine grain BAU The same 83,5 1,4550 

87,2 1.4435 

Bone charcoal 90,2 1.4500 

Quartz chips 0,3 98,3 1.4330 

Pumice 2 0.3 98.0 1,4330 

Birch charcoal from | cyclopentene 0.3 88,1 1.4360 
Perm plant 0.3 91.3 1.4300 


The results of the experiments on the dehydrogenation 
of cyclopentene and 1-methyl-1-cyclopentene are shown in 
the table, As an examination of these data shows, under re- 
duced pressure both birch and bone charcoal are capable of 
catalyzing the dehydrogenation of cyclopentenes to the cor- 
responding cyclopentadiene hydrocarbons, At 600°, the ex- 
tent of conversion to cyclopentadienes was 53-48%, calculated 
on the cyclopentene fed, With a decrease in temperature, the 
conversion of cyclopentenes to cyclopentadienes dropped 
appreciably, Thus, at a space rate of 1,0 hour", a decrease 
in temperature from 600 to 500° decreased the dehydrogena- 
Fig, 1. Change in the activity of a tion of methylcyclopentene to methylcyclopentadiene from 47 
carbon catalyst with time in experi- to 19%, At 600°, a variation in the rate at which methyl- 
ments at space rate of: 1) 0,25 hour}; cyclopentene was fed to the catalyst from 0,25 to 1,0 hours”! 
2) 0.5 hour”; 3) 0,75 hour”; 4) 1,0 had no essential effect on the yield of methylcyclopenta- 
hour”, (rime in minutes is plotted diene, When methylcyclopentene was passed over quartz 
along the abscissa), chips or pumice under these same conditions, it passed through 

the reaction zone unchanged; about 2% of the feed was lost 
to gas formation, 
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In order to determine the stability of the birch charcoal catalysts, four series of experiments were carried 
out in which methylcyclopentene was dehydrogenated at 600° and a pressure of 15 mm at space rates of from 
0.25 to 1.0 hours“, The results are presented in Fig, 1. 


It is evident from the nature of the curves of Fig, 1 that the dehydrogenation activity of the carbon grad- 
ually decreased with time, and it decreased more rapidly in the experiments in which the hydrocarbon feed rate 
was highest, Thus, the conversion of methylcyclopentene to methylcyclopentadiene after two hours was 22% 
when the hydrocarbon space rate was 0,25 hours”, while at a space rate of 1,0 hours” the yield of cyclopenta- 
diene had decreased to 9% at the end of the same time interval, Apparently, one of the reasons for this decrease 
in dehydrogenation activity of the charcoal was deposition of tarry material on the catalyst, This assumption is 
in agreement with the fact that the specific surface of the carbon, as determined by the dynamic method from 


benzene vapor adsorption at 20° [12], decreased from 519 sq m/g prior to the experiments to 390 sq m/g after 
the experiments, 
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The composition of the reaction products was determined by analyzing 30.5 g of catalyzate obtained by 
combining the catalyzates from experiments in which 1-methyl-1-cyclopentene was dehydrogenated at 600°, 


This material was separated in a fractionating column having an efficiency of 40 theoretical plates, and the re- 
sulting fractions were analyzed spectroscopically, 


Fraction 1 had a boiling range of 47-71°/750 mm, r?°D 1.4240 and f°, 0.7685, and comprised 9.6% of the 
catalyzate charged to the distillation, The major part of this fraction consisted of cyclopentadiene (about 40%) 


and 2-methyl-1-cyclopentene (about 40%), and it also contained unchanged 1-methyl-1-cyclopentene (about 
20%). 


Fraction 2 had a boiling range of 71-77°, n°°D 1.4530; &°, 0,7945 (67.7%). It contained a significant 
amount of methylcyclopentadiene together with unchanged 1-methyl-1-cyclopentene and benzene (about 15%), 
This fraction amounted to 67,7% of the distillation charge, The residue, which amounted to 16.2% of the charge, 
was a thick syrupy material which rapidly solidified when cooled in air, It had the composition; C 88,3% and 

H 9,2%, This residue was probably basically methylcyclopeniadiene polymer, The gaseous products from the 


methylcyclopentene experiments carried out at 600° contained hydrogen (68.3%), methane (2.0%), ethane (2.5%), 
ethylene (10.2%), propane (5.1%), and propylene (11.9%), 


The absence of cyclopentane and methylcyclopentane in the catalyzates indicates that hydrogen transfer 
does not take place under the reaction conditions employed, 
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In a number of publications devoted to the compounds formed between the transitional metals [1-5], it 
has been observed that the existence of o phases is to a considerable degree bound up with the electronic struc- 
ture of the components, Certain conclusions concerning the nature of these compounds may be obtained from 
an investigation of their regulated arrangement, The study of the atom distribucion in the nuclei of o phases 
formed by the elements of the first long period, using the methods of x radiography and neutron radiography 
have revealed the existence of a regulated disposition of the atoms [6-8], According to the data obtained, the 
atoms in the crystal cells occupy different positions, depending on the position of the element in question in the 
D. I, Mendeleev period system in relation to the VIILA subgroup [8]. Rhenium is an element which reveals a 
great tendency towards the formation of o phase in binary systems [9], and yet in these phases regulation has 
not yet been discovered, except in the case of rhenium-molybdenum alloys [10-12], 


We have carried out an x-ray investigation of the regulation of o phases in the chromium-rhenium, manga- 
nese—rhenium and iron—rhenium systems, We have investigated binary alloys containing 37 at, % chromium* (an- 
nealed for 500 hr at 1000°), 47.7 at, % manganese (annealed for 360 hr at 1000°), and 55 at.% iron (annealed for 6 hr, 
at 1500°), which, according to the data obtained by microstructural and x-radiographic analysis, belong to a 
single-phase region of o phases in the phase diagrams, In connection with these compounds, formulas have been 
arrived at for the calculation of structural amplitudes, conditionally depicting these compounds on the basis of 
crystallochemical data about the number of atoms in the cell, and the number of regular systems of points in the 
structure of: ReygCtyg; ReygMMy4; Rey Fe,g. Table 1 gives the variations which have been considered for the regu- 
lated disposition of the atoms in these compounds, which satisfy the symmetry of the space group P4, /mnm, which 
the structure of o phases belongs, The calculation of intensity was performed for reflections corresponding to a 
group of 6 strong lines laying within a narrow range of angles 8, The calculations showed that in the majority 
of cases it is possible, on the basis of the ratio of the intensities of the lines selected, to distinguish a more sta- 
tistical distribution of the atoms from a regulated one, and to select a particular regulation plan, But, in the case 
of the rhenium — iron alloy, it proved to be impossible to consider the lines (311) and (002), The determination 
of the intensity of the lines was performed on the diffractometer URS-50I, with the measuring device MSTR-4, 
and the depiction of the curves was performed on the potentiometer EPP-09, The areas defined by the peaks on 
the diffractometer curve were measured by means of a planimeter, Comparison of the experimental and cal- 
culated values of the intensity of the lines showed the presence of regulation in the alloys investigated (Table 2), 


Analysis of the regulation schemes constructed on the basis of the experimental data (Table 1), shows that 
the distribution of the atoms in the cells of the o phase exists in correlation with the coordination number, In 
particular, positions 2(a) and 8(ip), corresponding to the least value of the coordination number, and positions 
4(f), corresponding to the greatest value of the coordination number, ate always occupied by atoms of different 
kinds, Thus, chromium atoms occupy the positions with a coordination number of 15, while atoms of manganese 


* The sample containing rhenium and chromium was obtained from Professor E, M, Savitskii's laboratory, 


1 25 1 Sane 


TABLE 1 


Variations for the Regulated Arrangement of o Phases 


ber 


2 (a) |2 Re Re Re Crj2 Mnj2 Mnj2 Re Mni2 Fe Fe |2 Re 
15 4 Cri4 Reys Mnii Rel4 Mnj4 Mnl4 Rel4 Felt Fels Rel Fe 
Sc) |S Re Re [6 Re [8 Re [8 Reps Re |G Re Re Re |S Fe Fe l4 G6 Re 
4 Cr} 2 Cr Mnit Mo Mn 1 Fe |2 Fe 
12 |8 Re} 8 Crj8 Mnj& Re Re {4 Re Fe Re Fe] 8 Re 
Mn 
8(/) | 14 8 Cris Re]i Re Re|8 Mnl4 Re Reis Re|h Re |i Re] Fe 
Cr] 4 Cr 4 Mn Mn 4 Feit Fe 


Note: The sign * denotes the regulation scheme arrived at for the phase in question on 
the basis of the experimental data, 
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and iron occupy those with coordination number 12, Thus, in 


at. the same way as the data given in [8], it has been found that 
q Re-V the regulation scheme for the o phase is associated with the 
| » | Re-Cr position of the components in the periodic system, The results 
{ Re-Mn obtained, together with data on the composition of the compounds 
ant fe~fe in binary alloys of rhenium with vanadium, chromium, manganese 
et and iron, may be considered from the standpoint of the principles 
a, developed in connection with the o phases in alloys of the transi- 
tional metals of the first long period [1, 3, 4], 
ams, > 7 i" var If a graph is constructed of the value of the rhenium con- 
centration in the 0-phases of vanadium—rhenium, chromium— 
Fig. 1, Rhenium content in the o rhenium, manganese —rhenium, and iron—rhenium alloys [13-15], 
phase, in relationship to the group against the number of the periodic group to which the second 
number of the second component, component belongs, as is done in Fig. 1, it is easy to see that the 


rhenium content diminishes with an increase in the group number, 
The explanation of this fact must obviously take into account the investigations relative to the modifications 
which occur in the electronic combinations in the o-phases ("Hune-Rothery phases") for metals in the transitional 
groups, In this case it may be taken that the o-phases are characterized by the definite level of the external 
electrons on the atom, while their stability will depend on the volume of the Brillouin zone. Then rhenium, in 
systems containing vanadium, chromium, magnesium or iron, emerges as the element possessing excess electrons 
in comparison with the proposed (hypothetical) level. 


— 
Rep Fey. 

1 | 2 | 3° | 4 
4 <1] 19 | <1] 13 
15 <i] 17] 20] 17 
a, | 54] 57] 85 | 129] 561172) 76 | 122 | 54] 871] 412 | 70 | 189 | 154] 86] 52] 68 
330 | a. 19 | 33] 32] 56] 26] 7] 33] 34] 18] 29] 46 | 30] 35] 34 | 17] 

31] 14] 40] 26) 63] 23] 7%] 37] 13] 277] 51] 53] 88] 20] 42) 12] 

65 | 22 | 43 | 50] 413] 36] 93] 57] 76] 26] 78 | 89] 89 | 223] 126] 80] 39 | 68 
3 441 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 400 | 100 | 100 | 100 | 400 | 100, : 
431] 501 46) 31:1 | 441 49! 301 20! 491 62] 50] 60} 101 | 46! 50 

1252 


The larger the group number (or the valence) of the second component, the smaller is the quantity of 
rhenium which is required for the attainment of the electronic concentration characteristic of the o phases, The 
assumption that, in the systems under consideration, the rhenium possesses a greater valence than its partners, 
finds a certain confirmation in the results of measurements of the interatomic distances in the crystal cells of 
the o phases of rhenium — chromium and rhenium — iron alloys by means of the Pauling equation, Calculation 
of the number of valence bonds is performed in this case by starting from the regulation data set out above, It 
is possible that the increased metallic valence of rhenium as compared with the elements of the first transitional 
series may explain the formation of o phases in the rhenium — manganese and rhenium — iron systems, which do 
not satisfy the known law that elements entering into the composition of o phases should be situated on opposite 
sides of the line dividing subgroup VIIA from subgroup VIIIA, 
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The most economical methods of obtaining alkyl halides consists in the direct halogenation of uydrocaivon, 
and in the addition of the halogen hydride to the double bond, Although in such cases there has been established 
the existence of a tendency to the preferential formation of one isomer or another, it has nevertheless not been 
possible to obtain separate alkyl halides in a pure form, Rough thermodynamic calculations have been made, 
based on empirically obtained energetic relationships (such as the heats of addition of the halogen hydrides), 
which show that the Markovnikov Rule is in harmony with the thermodynamic probability of the course of the 
reaction between two possible directions, 


It is obvious, however, that kinetic factors must also be taken into account in estimating the yield of one 
product or another, The fact discovered by Kharasch [1] provides a clear example of this, He found that, in the 
presence of peroxides (ascaridole) the combination of hydrogen bromide proceeds predominantly in the opposite 
direction (to that predicted by the Markovnikov Rule), This may be explained by a radical reaction mechanism, 


It is necessary to note that, during the normal course of the reaction in accordance with the Markovnikov 
Rule, both the factors — the thermodynamic and the kinetic — operate in the same direction, Thus, the addition 
of hydrogen bromide to propylene with the production of 2-bromopropane is a more strongly exothermic reaction 
than that which results in 1-bromopropane, taking place under the same conditions, 


In harmony with the oppositely directed values of the thermal effect of the reaction and the activation 


energy, the rate of formation of the 2-bromopropane should be greater than the rate of formation of 1-bromo- 
propane, 


Direct halogenation leads to the formation of a considerable quantity of the 1-isomer, It is clear that the 
course of the reaction in this case is determined by kinetic factors, 


It is to be regretted that reliable data for thermodynamic calculations are not at present available to 
make it possible to indicate what would be the ultimate ratio of isomers obtained by introducing the halogen 
into the hydrocarbon by any particular procedure, 


The isomerization of alkylhalides was first of all observed by A, M, El'tekov [2] for the cases of isobutyl- 
and isoamylbromides, For the isomerization of primary isobutyl bromide into the tertiary bromide, A, M. 
El'tekov had already observed a limit of conversion at 230-240°, which gave 80% of the tertiary bromide, al- 
though he later expressed doubt as to whether equilibrium had really been obtained at this point, 


Aronstein [3] observed the conversion of propyl bromide at 280°, and remarked on the fact that the reaction 
had not gone to completion, 


A, E, Favorskii [4] and his colleagues established conclusively the presence of isomerization in the alkyl 
halides, among which cases he considered that of the bromopropanes at a temperature above 200°. 
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Somewhat later Michael and Leupold [5] published a large paper on the isomerization of the alkyl bromides, 


For the propyl bromides in the vapor phase at 237°, the authors found that the content of the normal bromide after 
2 hr was 3.80%, after 3 hr 4.47%, and after 5 hr 5.72%, 


These results give rise to doubt, since the rate of isomerization would be expected to fall off as the reac- 


tion proceeds, while according to the figures the content of the normal bromide increased by 0.67% during the 
third hr, and by 1.25% during the fourth, 


During the 1930's, Brouwer and Wibaut [6] published results to show that, at a temperature of around 250°, 
the equilibrium with these bromides was attained after 96 hr, They found that at 250° the equilibrium mixture 
contained 70% of the secondary bromide and 30% of the primary, while at 275° it contained 33% of the primary 
and 67% of the secondary, Although the heat of isomerization within this interval can be calculated from the 


equilibrium values to the acceptable value of — 3200 cal, yet at lower temperatures there is always observed the 
formation of small quantities of the 2-isomer (from 1 to 1.5%), 


If we should suppose that the content of the 2-isomer at low temperatures in any degree approximates 


the equilibrium value, then a similar calculation of the heat of reaction over this wider temperature range (from 
367 to 523°K) would give a value of the order of 800 cal, which is improbable, 


The increase in the primary bromopropane content may be explained by the nonrigorous method of deter- 
mining the isomers from refractive index measurement which these authors used, In experiments on high tem- 
perature isomerization, other authors have noted the formation of higher alkyl halides (probably because of di- 
merization of the olefine, after which the isomerization has taken place), This would be expected to result in 
a great increase in the refractive index, even for low proportions of the impurity thus produced, 


As to the heat of reaction, this may be calculated approximately by the method of G, B, Kistyakovskii [7], 
according to whose data the heats of addition of the hydrogen atom to primary and secondary carbon atoms are 
equal to 16,3 and 13,5 kcal respectively, while the heats of addition of bromine atoms to the same are 14,5 and 


14,9 kcal, It follows that the heat of isomerization of 1-bromopropane into 2-brompropane will amount to 
3200 cal, 


The heat of addition of hydrogen bromide to propylene (with the formation of 2-bromopropane) can be 


calculated from these data to be — 18,8 kcal, According to the actual determination made by Lacher [8], the 
heat of addition of hydrogen bromide amounts to — 20,14 kcal, 


We have begun work in our laboratory on the study of the equilibrium existing in the isomerization 
of the bromopropanes at the boiling point of 2-bromopropane (60°) in the liquid phase, and at 250° in the gas 
phase, At the low temperature, aluminum bromide was used as catalyst, in concentration 5% by weight, in the 
form of pure white crystals (from the melt) which had been preserved in a sealed ampoule, The equilibrium 
was reached when the concent of 1-bromopropane in the liquid phase was 1.3%, At 250°, using a sealed ampoule 
and carrying out the experiments in a nitrogen atmosphere, equilibrium was attained without the use of a catalyst, 


The ampoule was of sufficiently large volume to ensure the complete evaporation of the bromides, which occu- 
pied (in the liquid form) only 8% of the volume of the ampoule, 


The equilibrium content of 1-bromopropane at this temperature was found to be 5,2%, and the equilibrium 


constant at 523°K is thus 18,5, Knowing the liquid phase equilibrium at 60°, it is possible to calculate the vapor 
phase equilibrium at the same temperature, 


The heat of evaporation of 1-bromopropane is calculated from the Trouton constant as 7220 cal, which, 


from the integrated form of the Clapeyron-Clausius equation gives the vapor pressure at 60° as 526 mm Hg. The 
ratio of the isomers in the vapor phase is thus: 


(760 x 98,7)/ (526 x 1,3) = 99,1/0,9 = = 110 


We have thus found the equilibrium constant for the reaction in the vapor phase at two temperatures; 
Kgg3°K = 110, and Kgsex = 18,5, 


Hence, the free energy change for the reaction : CH;CH,CH,Br CH,CHBrCH,, is given by: AG3s3°x = 
= — 3110 cal/mole; AGYs°K = — 3020 cal/mole; or, in a general form, AG°, = — 3270 + 0,474 T, which gives 


the heat of isomerization as AH‘, = — 3270 cal/mole, according to the Kistyakovskii rule, and Ast =— 0,474 
entropy unit, 
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Fig. 1. 


Both the 1-bromopropane and its isomer were obtained by the reaction of phosphorus tribromide on narrow 
boiling ranges of the corresponding alcohols, The fraction chosen for normal propyl alcohol had a boiling range 
between 97,5 and 98,5°, and the isopropyl alcohol boiled from 82,4 to 83,0°, 


The bromopropanes obtained were fractionated many times, andthen boiled ia the range 71,4 to 71.7° for 
1-bromopropane, and 59,45 to 59,55° for 2-bromopropane, 


Special attention was paid to the 2-bromopropane obtained, and it was only after numerous repeated distilla- 
tions tiat it was possible to obtain a product which was spectroscopically pure from impurities of the 1-isomer, 


The purity of the samples, and also the determination of the 1-isomer content in the mixtures, was deter- 
mined from the intensity (peak a) in the infrared spectrum of the line of frequency 1282 cm™! (Fig, 1,1), It 


can be seen from Fig, 1, If that 2-bromopropane does not contain impurities of its isomer, since the peak is 
absent, 


The spectra were obtained by means of the double illumination instrument IKS-14, 


In the experiments carried out on the liquid phase mixture, the equilibrium was approached from both 
sides, 


The pure 1-bromopropane was first taken in a flask fitted with a reflux condenser, equipped with a constant 
pressure gasometer, and after the addition of the aluminum bromide and a few drops of water, heating was com- 
menced up to the point of gentle boiling, The experiments were allowed to continue for periods of 2, 6 and 12 hr, 


In none of the experiments was any evolution of gas observed, After the mixture had been cooled, the 
catalyst was decomposed by water, and the product, after washing, drying with calcium chloride and distilla- 
tion, was submitted to spectroscopic examination, It proved that 6 hr was sufficient for the attainment of equili- 
brium, as can be seen from the identical heights of the peaks a in Fig, 1, IM and Fig, 1, IV, 


For the attainment of equilibrium from the other side, a previously prepared mixture containing 98.5% 
2-bromopropane and 1,5% 1-bromopropane was taken, After heating for 6 hr, the height of the peak was almost 
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the same as that in the previous experiments in which pure 2-bromopropane had been used, but after 12 hr heat- 


ing the height of the peak was in perfect agreement with the previous one, and underwent no further change, See 
Fig, 1, V, VI. 


Calibration of the curve by reference mixtures established the content of 1-bromopropane in the liquid 
phase as 1,30+0,5% (for a temperature of 60°), 


Equilibrium for the reaction in the vapor phase was attained in sealed ampoules, previously filled with 
nitrogen, in the absence of a catalyst, using a furnace at a temperature of 250°, 


Here also the equilibrium was approached from both sides, In addition to pure 2-bromopropane, a mixture 
of the two isomers was taken containing 11.1% of 1-bromopropane, After 100 hr the ampoules were opened, and 
the product was filtered, No increase in pressure was observed on opening the ampoules, but a deposition of 
carbon was observed on the walls of the ampoules, The product was then distilled, We found that there was a 


small (1-2 drops from 25 cm’) proportion of higher boiling residue during the distillation of the equilibrium mix- 
ture, 


The height of the peak a in both mixtures enabled us to discover that the mixture obtained from the pure 
2-bromopropane contained 5,2 + 0,2% of 1-bromopropane, while the mixture previously prepared artificially 
with a content of ca, 11.1% 1-bromopropane, contained finally 6,7 + 0.2% of this isomer (see Fig, 1, VI, VII). 


Both these liquids were again placed in ampoules for a further 100 hr at the same temperature, It was 
then found that they contained 5,2 + 0.2% and 5,2 4 0,2% 1-bromopropane (see Fig. 1, VIII, 1X). 


The spectroscopic determination were carried out by L. P. Shadrin, V, M, Aleksandrova took part in the 
preparative part of the work, 
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The heterofunctional condensation reaction between alkyl-(aryl)-halosilanes and alkyl-(aryl)-alkoxysilanes, 
which proceeds according to the equation: 


R Ri R Ri 


| | | | 

Cl — Si C] C.11;0 Si — OCH; CaH;Cl Cl — Si — O — Si — 
| | | | 
R Ri R Ri 

R Ri R R Ri R 


| | | | | | 
Cl-— Si — O — Si -- OC,H,-+- Cl— Si — Cl -- Cl— Si 0 — Si — Si —Cl 
| | | | 


| | 
R Ri R R Ri R 


etc,, has been studied for a number of specific cases, and has been used for the synthesis both of monomers and 
of polymers [1-3], It seemed to be a matter of special interest to study the heterofunctional condensation reac- 
tion between alkyl-(aryl)-alkoxysilanes and bis-(trimethylsiloxy)-dichlorotitanium, If this reaction takes place 
according to the scheme presented above, it would be expected that linear polytitano-organosilanes would be 
obtained, Experiments in which the condensation of bis-(trimethylsiloxy)-dichlorotitanium with phenylmethyl- 
diethoxysilane was carried out at 150°, have shown that the reaction does not produce ethyl chloride but tri- 


methylchlorosilane, while a polymer is formed, whose chemical composition corresponds to that set out in equa- 
tion I: 


CHs 
| 
T. 2Cell; Si 8Cl2Ti | OSi (CHy)s Jo — 


OSi (CHs)3 CH OC2H; CHa OCH; 
| | | 
| O—Ti--O— Si--O—Ti—O--Si—O —Ti— -!- (CT Ts)3SiCl. 
| | | | | 
Cl CoH; Cl 


The polymer obtained in this reaction is easily soluble in benzene and toluene, and possesses high elasticity at 


room temperature, On heating it is easily drawn out into threads, which remain brittle under the influence of 
the moisture of the air, 
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This abrupt change in the direction taken by the reaction, as compared with the heterofunctional conden- 
sation of alkyl-(aryl)-halosilanes with alkyl-(aryl)-ethoxysilanes, seemed to us to constitute a good case for the 
further study of this reaction, The investigation of the reaction has shown, that not only phenylmethyldiethoxy- 
silane, but also dimethyldibutoxysilane, react with bis-(trimethylsiloxy)-dichlorotitanium, and that in the latter 
case also there is no formation of butyl chloride, while a polymer is again produced, The chemical composition 
of the polymer obtained in the latter case, and the fact that trimethylchlorosilane is produced in quantities close 
to those involved in equation I, shows that this reaction follows a very complicated course, To study it more closely, 
investigations have been carried out which have shown that moisture exercises an influence on the reaction, under- 
going interaction with the bis-(trimethylsiloxy)-dichlorotitanium with the production of hydrogen chloride: 


Cl 
I. 4. {(CHs)sSiO}2 TiCl, +- HCI + | [(CHs)sSiO}, Ti 
OH 
The initial product of this reaction reacts with the phenylmethyldiethoxysilane with the production of alcohol: 


cl CHs 
2. [(CHa)sSiO}, Ti. — — 
‘on 
cl CH; 


(CEH3)sSiO — —O— di — OC;Hs -+ 
bsi (CHa)s 
while the hydrogen chloride reacts with the trimethylsiloxane group attached to the titanium, with the forma- 
tion of trimethylchlorosilane: 
Cl CHs 
3. (CHs)sSiO — hi —O— — OC2Hs + HCl (CHs)sSiCI 
OSi (CHs)s 


+ | (CHs3)sSi0 — Ti— O — — 
H 


The alcohol reacts, as the composition of the polymer and the nature of the low molecular weight compounds 
obtained shows, with the trimethylchlorosilane, with the formation of trimethylethoxysilane, which was also 
produced in inconsiderable quantities: 


Cl CHs 


5. (CHs)sSi —O — 4+ GH,OH — 
OSi (CHs)s CeHs 
OGH,  CHs 
-+ (CHs):SiO — gi — + HCI 
i (CHs)s 
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4. (CHs)sSiCl + + HC! 


CH; Ci - CHs OC:Hs 
6. | GH,O — di ti —OH | +CH,O— —O— Ti 
: bsi (CHs)s- CoH;  OSi(CHs)s 
CHs cl CH; 


| | | 
— CoH;OH + C,H;O — d —O~— Ti—O Si — O — Ti — C — Si (CHs)s 


| | | | 
CeHs OSi (CHa)3 CeHs OSi (CHs)s 


The alcohol formed during this reaction reacts further, together with the hydrogen chloride, to form trimethyl- 
chlorosilane, trimethylethoxysilane, and the polymer of the composition shown above, To confirm the data pro- 
vided by these reactions, experiments were carried out with bis-(trimethylsiloxy)-dichlorotitanium in the pres- 
ence of small quantities of water and hydrogen chloride. To each molecule of the bis-(trimethylsiloxy)-di- 
chlorotitanium was taken 0,01 molecule of water, The reaction resulted in the formation of trimethylchloro- 
silane (around 50%), and a polymer which was incombustible and insoluble in organic solvents, which contained 
about 50% of inorganic material, This experiment shows that the bis-(trimethylsiloxy)-dichlorotitanium is con- 
verted into the polymer even when the amount of water present is quite insignificant, This suggests the follow- 
ing reaction scheme: 


OH 
Cr - Ci OH 
2. 2] {(CHs)sSiO}, Ti — O -— Ti [OSi (CHa)s]z HO 
OH. 
Cl OH 
| | 
3. [(CHs)3SiO}2 Ti — O — Ti [OSi (CHs)s}a-+ HCI —» (CH3)sSiCl + HO — Ti —O — 


| 
OSi (CHs)s 


In order to confirm reaction (II),3, an investigation was carried out of the interaction of bis-(trimethylsiloxy)- 
dichlorotitanium with hydrogen chloride, It was found that the effect of the hydrogen chloride was to produce 
trimethylchlorosilane and the polymer: 


+ HCI (CHs)3SiCl + Polymer 


EXPERIMENTAL 


I, Condensation of bis-(trimethylsiloxy)-dichlorotitanium with phenylmethyldiethoxysilane, A mixture of 
of 27,33 g (0,092 mole) of bis-(trimethylsiloxy)-dichlorotitanium (b, p, 73° at 3 mm, chlorine content 24,16%) 
and 19,3 g (0,092 mole) phenylmethyldiethoxysilane (b.p, 69-70° at 3mm, 1f°D = 1,4690) was heated for 43 hr 
in a Farovskii flask at 150°, After this time, 6.7 g of substance was distilled away at a temperature of 60-63°, 
The residue remaining in the flask was submitted to vacuum distillation, during which there was distilled 4,63 g 
of the initial phenylmethyldiethoxysilane between 70 and 71° at 3 mm. This had n°D = 1,4690, and amounted to 
24% of the material taken for the reaction, 3,8 g remained in the trap, and 25 g (84,6%) of a yellow polymer 
remained in the flask, This could be pulled into threads on heating, and remained hard in air, The whole quant- 
ity of the liquid boiling at low temperatures was distilled through a column, and divided into three fractions, 


First fraction, 58°, This consisted of 8,32 g of trimethylchlorosilane, containing 31.93%, 32,06% chlorine, 
The calculated chlorine content was 32,6%, and the published b, p. 57°, 


Second fraction 62-71°, This consisted of 4,8 g of a mixture of trimethylethoxysilane ard trimethylchloro- 
silane, 
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Third fraction, 74-76°, This consisted of 1,8 g trimethylethoxysilane, m°D = 1.3748, According to pub- 
lished data, b, p. = 75°; = 1.3741, 


For the trimethylethoxysilane, the silicon content found was 23,72%, 23.48%, The calculated value is 
23.72%, 


Analysis of polymer of formula: 


OSi(CHs)3 CHs OGH; 
| 


| | | 

—| O— Ti—O--Si —O— Ti—O— Si—O— Ti — 
| | | 

Cl OC:Hs Cl 


na 


Found %: C 35,97, 36,07; H 5,06, 5,04; Cl 9,12, 9,06; Ash 54,3, 54.4, Calculated%: C 36,30; H 5,25; 
Cl 9,32; Ash 55,40, 


Il, Condensation of bis-(trimethylsiloxy)-dichlorotitanium with dimethyldibutoxysilane, From 19,7 g 
(0,066 mole) of bis-(trimethylsiloxy)-dichlorotitanium (b, p, 73 at 3 mm, chlorine concent 24,16%), and 13,5 g 
(0,066 mole) dimethyldibutoxysilane (b, p, 187°, rp = 1.4058), under similar conditions, there was obtained 

14,3 g of an opaque product which had a high viscosity at room temperature, together with 2,33 g of the initial 
dimethyldibutoxysilane (17,3%of that taken for the reaction), which was separated during vacuum distillation at 


50° and 3 mm, and had r’D = 1,4050, There was also produced 13,2 g of a low boiling liquid, which when 
distilled through a column gave the following three fractions: 


First fraction, 58°, This consisted of 6,7 g of trimethylchlorosilane, containg 33,06%, 33.25% of chlorine, 
compared with the calculated 32.6%, Published b, p, = 57°, 


Second fraction, 64-120°, This consisted of 1.9 g of a mixture of trimethylchlorosilane and trimethyl- 
butoxysilane, 


Third fraction, 122-124,5°, This consisted of 3,0 g of trimethylbutoxysilane, whose experimental value of 


W°D = 1,3919 (published value 1,3925); experimental density, d‘,, = 0.7779 (published value 0.7774), Published 
b, p. = 124,5°, 


Ill, The reaction of bis-(trimethylsiloxy)-dichlorotitanium with water, Into a Farovskii flask equipped 
with a very high column was placed 8,3 g (0,028 mole) of bis-(trimethylsiloxy)-dichlorotitanium (b.p. 73° at 
3 mm, chlorine content 24,6%), and 45 ml of dry dioxan, together with 0,0044 g water (0,00028 mole) dissolved 
in 5 ml dioxan, The mixture was heated, and after an hour, a liquid began to distil at a temperature of 60°, 
4,6 g of this liquid were collected (66% of theoretical) containing 32,5% chlorine, The b, p, of trimethylchloro- 
silane is 57°, and its chlorine content is 32.6%. After the removal of the dioxane, there remained in the flask 
a dry powder, of weight 3,9 g. This was a grayish white powder, insoluble in organic compounds, containing 
55.0% of inorganic constituent and 15,7% chlorine, The trimethylchlorosilane (2.12 g) which was obtained was 
submitted to hydrolysis, washed and dried, and after distillation 1 g (65% of theoretical) of hexamethyldisiloxane 
was obtained at 100°, This had n’°D = 1.3740, Published data: b, p, 100°; °D = 1,3722, 


IV, The reaction of bis-(trimethylsiloxy)-dichlorotitanium with hydrogen chloride, 11,1 g (0,037 mole) 
of bis-(trimethylsiloxy)-dichlorotitanium was treated with dry hydrogen chloride gas for a period of 4 hr, The 
transparent solution of bis-(trimethylsiloxy)-dichlorotitanium went yellow in color and thickened in consistency, 
The mixture obtained was submitted to distillation, At 58° 3.9 g (45% of theoretical) of trimethylchlorosilane 
was obtained, with experimentally determined chlorine content of 33,2%, 33.1% (calculated 32,6%), There 
remained in the flask a residue of polymer, which was a solid substance of dark color, 
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The 2-arylidenindandiones-1,3 (II) are often employed in the preparation of various very complex poly- 
cyclic compounds, Thus, as an example, the interaction of arylidenindandiones-1,3 with diazo-methan= is used 
to prepare furanoindenones [1], while their interaction with ammonium acetate in glacial acetic acid is used for 
the preparation of polynuclear condensed systems containing the pyridine ring [2], Arylidenindandiones-1,3 are 
also able to combine at the double bond with various nucleophilic reagents [3-5], One of us has recently, work- 
ing with Dumpis, worked out a convenient method of preparing 2-arylkylindandiones-1,3 by means of selective 
hydrogenation of the corresponding arylidenindandiones-1,3 with sodium dithionite [6, 7]. 


The arylidenindandiones-1,3 may be synthesized by various methods, but all the methods described in the 
literature are basically dependent on the condensation of indandione-1,3 with aromatic aldehydes under various 
conditions, 


Benzaldindandione-1,3 was first prepared by heating indandione-1,3 with benzaldehyde in the absence of 
catalysts [8,9], The same method has been used for the preparation alsoof a number of other arylidenindan- 
diones-1,3 [10-15], In certain cases it has been possible to carry out the condensation process by heating the 
indandione-1,3 and the aldehyde in alcoholic solution [13, 16], or else in alcoholic solution in the presence of 
basic catalysts (such as potassium hydroxide or piperidine) [17-19], The arylidenindandiones-1,3 may also be 
prepared by the condensation of indandione-1,3 with aldehydes in solution in glacial acetic acid in the presence 
of concentrated sulfuric acid [20], The condensation of indandione-1,3 with aldehydes often takes place so 
smoothly that Ionescu [18] has proposed the use of this method for the purpose of identifying aldehydes, 


Our attention was directed to the sodium salt of the ethyl ester of indandione-1,3-carboxylic-2 acid (I), 
which contains the easilyremovable carboethoxy group. When it is dissolved in glacial acetic acid in the presence 
of concentrated sulfuric acid, it easily loses its carboethoxy group, forming indandicne-1,3, If aldehyde is added 
to the reaction mixture, it enters immediately into condensation with the indandione as soon as this latter is 
formed, 

CO 
C -- COOGHs 
CH,COOH 


Cel CH2+4- C2HsOH NaeSO, ++ CO; 
1,50, 


Cel I; al I, OCH Ar —HO 


— CoH, C = CHAr 
CO 


ve 

! 
~ 
O N a ( ) 
CO CO 
CO 
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The new method has this advantage over the methods mentioned above for the formation of arylidenindandiones- 
1,3, in that it eliminates the necessity of preparing beforehand the indandione-1,3, Excellent yields of the aryliden- 
indandiones-1,3 are obtained under these conditions by aromatic aldehydes which contain nitro-, dialkylamino-, 
methoxy- and other groups, It is necessary to note that the products of condensing, say, 2-hydroxy-3-methoxy- 
benzal- and 2-hydroxynaphthalindandione-1,3 under the conditions of the reaction undergo further transforma- 
tion, Salicylalindandione~1,3 is also sensitive in this respect, It is possible that, under the conditions in which 
the condensation takes place, the further transformation of the arylidenindandiones-1,3 produced occurs in the 
direction of the formation of indenopyranols, This type of product is also obtained during the condensation of 
o-hydroxyaldehydes with indandione-1,3 in the presence of hydrogen chloride [17], 


TABLE 1 


CHAr 
Co’ 


2-arylidenindandiones- | Cal 


Solvent used in 


Aryl radical recrystallization 


65--72 | 149—151 Acetic acid 
\=/ 150-—154 (8) 
cH, 69 209 Dioxan 
20 
S-ocn 82 155---156 Dioxan + 
155—157 (24) methanol 
“Se 96 205 the same 
-~€_Y-ocn, 208 22 
\=/ 205 
OCH, 
212 Dioxan + 
212 water 
(cH; 96 199200 Dioxan 
(Galt) 95 150-152 Alcohol 
145 
97 220—221 Dioxan 
_\N(CH,); 221 (2%) 

84 228—229 Dioxan + 
228—230 (2°) water 
oe 88 246---248 Acetic acid 

246-—247 (22) 
> 182183 the same 
( 
x Dioxan + 
203 (2?) methanol 
213—214 Acetic acid ' 
914 (24) 
nN 24 194—196 Dioxan + 
196 (22) water, 


Vanillin (p-hydroxy-m-methoxybenzaldehyde) gives the corresponding vanillalindandione-1,3, which is 
stable under the condensation conditions, Condensation also occurs smoothly with the diacetate of 5-nitro- 


furfural, though partial carbonization of the furfural occurs at the same time. The arylidenindandiones-1,3 
which have been obtained are listed in Table 1, 


The condensation is performed in the following way: 5 g of the recrystallized sodium salt of the ethyl 
ester of indandione~1,3-carboxylic-2-acid is treated with a mixture of 15 ml of glacial acetic acid and 2,5 ml 
of concentrated sulfuric acid, and the resulting mixture heated with stirring, At around 50° the decomposition 
of the ethyl ester of indandione~1,3-carboxylic-2-acid commences, and is indicated by the evolution of carbon 
dioxide, At this moment the corresponding aldehyde is added, Condensation commences immediately, 


OH 
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accompaned by evolution of heat, In order to bring the reaction to completion when the evolution of carbon 
dioxide has ceased, the mass is heated again, When the mixture is then cooled, the arylidenindandiones formed 
may be filtered under suction, washed first with small portions of methanol, then freely with water, and finally 
recrystallized, 


When condensation of the sodium salt I is carried out with dialkylaminobenzaldehydes, the sulfuric acid 
is added in double the quantity used above, since the sulfates of the corresponding arylidenindandiones-1,3 are 
formed in the course of the reaction, The condensation product first obtained is washed with water, and then 
by a sodium carbonate solution, 


During the condensation of the sodium salt I with furfural, and also with salicylaldehyde, on the other hand, 
the sulfuric acid is used in onlyhalf the quantity specified for the neutral aldehydes, 
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We have worked out earlier [1] a method of synthesis for the esters of alkylphosphinous acids from a di- 
alkylphlorophosphites (RO),PC1, which are easily obtained from phosphorus trichloride and alcohols in the pres- 
ence of organic bases, The replacement of the chlorine atoms in the dialkylchlorophosphites by various radicals 
is performed by the interaction of these with the magnesium [1], lithium [2], and sometimes sodium organic [3] 
compounds, at low temperatures of the order of — 60° (see also [4, 5]). 


R Me +- Cl P RP (OR’)s + MeCl, 
Me = Mg X, Li, Na. 


It was a matter of interest to extend this method of synthesis to the esters of the dialkylphosphinous acids, 
using as starting materials the easily obtained Menshutkin acid chlorides, alkylchlorophosphites and the corres- 
ponding organomagnesium compounds, It has been possible to perform this reaction with very satisfactory yields 
in the presence of pyridine at—60°, The reaction scheme is: 


2R MgX -++ ClaPOR’ _, RaPOR’+ 2 [Mg XCI-2CsHsN]. 


The synthesis may be carried out without pyridine, and the pyridine may then be added at the cessation of 
the reaction, but the yield of esters of dialkylphosphinous acid is diminished if this procedure is followed, It 
appears that the part played by the pyridine is to displace the esters of the dialkylphosphinous acids from their 
complex compounds with the magnesium halide which is formed in the course of the reaction, In the absence 
of the pyridine, these esters of the dialkylphosphinous acids are not separated from the reaction mixture in a 
satisfactory yield, It is possible to use 8-hydroxyquinoline as complexing agent, which in certain cases gives, 


when used in admixture with pyridine, better results than pyridine alone, Triethylamine does not appear to be 
applicable for this purpose. 


In a recently published work M, Zander [6] reports using not the organomagnesium bromide, but the corres- 
ponding chloride, for the synthesis of esters of dialkylphosphinous acids, because of the lower tendency to com- 
plex formation exhibited by the magnesium chloride, When this is done, it is not necessary to make use of pyri- 
dine, but the yield of the esters of the dialkylphosphinous acids is lower under this procedure, 


All the operations employed in the synthesis of the esters of the dialkylphosphinic acids are carried out in 
an atmosphere of purified nitrogen; the solvents and reagents are carefully dried. The solution of the organo- 


* Presented at the Second Conference on the Chemistry and Application of Phosphorus-Organic Compounds held 
in Kazan’ on November 28, 1959, 


1267 


ey 


MRp C, % H, % P,% 
w B 20 
5 Compound vl. D 1) 0 0 
= ah aS 
(C,H,);POCH,CH,C! ! 27-—28°/'2 1,0143)46,19]45, 
2 | (C,H,),POC,H, * 43 170—-70,5°/19] 14525] 0,8479150,65 (50,33) 59,01 59,3] 11,8] 441,81 19,0] 19,4 
49,3 11,8 19,2 
3 | (C,H,),POC,H,, * 60 | 62—63°/1 1, 4490] 18] 64,8 | 64,7] 12,3] 12,3] 15,0] 15,2 
64,8 12,3 15.0 
4 | (CyH,),POC,H,, * 62 184,5—85°/3 | 1, 4509) 0.8488169, 24 168,80 6.0 66,0) 12,5112,5] 14,0] 14,2 
12,7 14,4 
5 | (C,H,),POC,H, 66 | 47—A8°/t 41,4470] 0, 8471/60, 02/59, 56 63.0 63,4 12,2] 12,2 16,0 16,3 
32, 12,2 16, 
6 | (iSo-C,H,),POC,H, 68 136,5-—37°/1 | 1.4452] 0, 8510159, 55 56 62.8 63,4 12,2 16,3 
12,8 12, 
7 | (C,H,):POC,H, G1 | 1, 4520] 0,8479]69, 45/68, 80 63,9 66,0 12.6 12,5 
65, 12,4 14, 
8 | (C,H,),POC,H,-iso 72| G4--65°/1 | 1,4469) 0,4428]/69, 24 168,80 65,8 66,0] 12,3] 12,5 14.0 
65, 12,4 hal 
9 | (1S0.C,H,),POC,H, 69} 57--58°/1 | 1, 4458} 0,8407/69, 21 168,80] 65,8 | 66,0] 12,5 | 12,5] 14,1 
66,0 12,5 14,2 
10 | GO) 84—85°/1 | 1,4520) 0,8475)78, 41 |78, 04] 68,4 | 68,2 | 12.9] 12,7} 12,4 
68,2 12,7 12,5 
| (C,H,CH,),POC,H, 27 | 120—121°,/1] 1,5737) 1,0415}81,81 7,4) 11.9 
Th, 7,5 11,8 
12 | (C,H,;CH,),POC,H, 32] 148—149°/2] 1,5590} 1,6180/90,86 75,5| 75,5] 8,4] 8,4] 10,8 
75,4 $4 10,8 
13 | (C,H,),POC,H, 42] 127—128°/2| 14,5733] 1,0387/81,98 74,6) 74.4) 7.4) 74) 14,6 
7,5 11,8 


* Analysis: chlorine found 21.1% , 21.5% (calculated 21.0%), Published data [9]; 
b, p. 29-30° at 2 mm; m°D = 1,4670; @, = 1.0144, 

** Published data [10]; substance 2: b, p, 54-55° at 10 mm; nD = 1,4410; f°, = 
= 0,8516; substance 3; b, p, 70-71° at 2 mm; n°D = 1,4495; °°, = 0.8547; sub- 
stance 4: b, p, 82-83° at 1 mm; m°D = 1,4520; &, = 0.8579, 

*** When 8-hydroxyquinoline was used as the complexing agent, the yield was 
41%, 

**** This reaction was carried out in the tetrahydrofuran, 


magnesium compound is obtained in the usual manner from 0,22 g-atom of magnesium and 0,22 mole of the 
alkyl bromide (except in the case of the benzyl radical, when the corresponding chloride is used) in 100 ml of 
ether, This is added dropwise to 0,1 mole of the alkyldichlorophosphite and 0,44 mole of pyridine in 100 ml of 
ether, the temperature of the reaction mixture being maintained at —60° + 5°, and the mixture being stirred 
vigorously,* At the conclusion of the reaction 200 ml of light petroleum are added, and the mixture left to 
stand overnight, The deposit is filtered off, and carefully washed with light petroleum (four times with 50 ml 
portions), The solvent is evaporated away under vacuum, and the residue distilled, When 8-hydroxyquinoline 

is used as the complexing agent the synthesis is performed in a similar manner, pyridine being present, and when 
the reaction is concluded 0,22 mole of the 8-hydroxyquinoline is added in 50 ml benzene, Yields, constants 
and analytical data for the compounds obtained are set out in Table 1,* * 


It can be seen from Table 1 that the method gives good results for the preparation of esters of dialkyl- 
phosphinous acids when the radicals on the phosphorus atom are of length C, or more, The esters of diethyl- 
phosphinous acid are obtained with satisfactory yield, but the yield increases with increase in the number of 
carbon atoms in the ester group radical, It has not been possible to achieve the synthesis of esters of dimethyl- 
phosphinous acid, Experiments have been carried out in an effort to achieve this by using methyl magnesium 


* In the synthesis of the butyl ester of diisopropylphosphinous acid, to 0,1 mole of butyldichlorophosphite there 

is added 0,25 g-atom magnesium, 0,25 mole of isopropyl bromide, and 0,5 mole of pyridine, 

** In calculating the molecular refraction of the esters of dialkylphosphinous acids, we have employed the value 
of 8,44[15] for the atomic refraction of phosphorus, It is necessary to note, however, both in this case and in that 
of the esters of monoalkylphosphinous acids [1], that there has been found inall cases a constant positive incre- 
ment of the experimental refraction as compared with the calculated values, amounting to an average of 0,41, 
The only exceptionis the butyl ester of diisopropylphosphinous acid, 
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TABLE 1 


Compound ny | ai? | 
3 ; 
3 = | °C/mm | | ay 
| 90 044817, 14 [74,89 57, 12,4 12,8 
2 | (iso-C,H,),P(S)OC,H, 82 28 174,85 457.6 ioe 10,9 12, 
3 | (C,H,)2P(O)CH m.p. 31 2.2 
4 | | 
| 
6 (CH,),POCI | — | -|—| | | 
7|(C,H,);POOH m.p. | 


* Published data [5]: m. p. 77.5-78°, 
** Published data [12]: m. p. 109,3-110.1° 

*** published data [13]: b. p. 142-144° at 11 mm; = 1,4643; = 1,0296, 
**** published data [14]: m. 70.5-71°, 


iodide and methyl magnesium chloride, as well as methyl lithium, in ether or tetrahydrofuran [7], but no posi- 
tive result has been achieved, The butyl ester of diphenylphosphinic acid was obtained only when the reaction 
was carried out in tetrahydrofuran. In ether solution, both phenyl magnesium bromide and phenyl lithium gave 
negative results, 


It is necessary to observe that in the synthesis of the butyl ester of diisopropylphosphinous acid, an addi- 
tional product was isolated, which contained nitrogen and phosphorus, and had the composition CysHggPON, with 
b, p. 96-97° at 1 mm; = 1,4909; and = 0.9317, 


Found %: C 66,9, 66,8; H 10,6, 10,7; P 11,2, 11.4; N 5,0, 5.2. CygHagPON, Calculated %: C 66.9; 
H 10.5, P 11.5; N5.2. 


The yield of this product (9-22%)increases with an increase inthe quantity of pyridine in the reaction mixture, 
The substance is a derivative of tervalent phosphorus, and on interaction with sulfur forms an addition product 
which is insoluble in hydrochloric acid, having b, p, 124-125° at 1 mm, n°°D = 1.5140; ?%, = 1.0086, 


Found %: C 60,1, 60,0; H 9,3, 9.4; P 10,8, 10.8. CysHpgPONS. Calculated %: C 59.8; H 9.4; P 10,3. 


The structure of this substance may be that of a N-phosphorylated derivative of dihydropyrene, but this is not 
established, 


From the case of 8-chloroethyl ester of diethylphosphinous acid, it has been shown that the new method 
is applicable also to the preparation of 5-chloroethyl esters of dialkylphosphinic acids, This opens up a possible 
synthesis for vinylphosphine oxides [8, 9]. 


The properties of the esters of the dialkylphosphinic acids have been investigated in research carried 
out by B, A, Arbuzov and N, I, Rispolozhenkii [10], and also by A, I, Razumov and N, I, Bankovskaya [11] and 
others, in the case of the esters of diethylphosphinous acid, We have studied only a few reactions of the com- 
pounds obtained for the purpose of establishing their structure as derivatives of tervalent phosphorus, 


Thus, the addition of sulfur to two of the esters obtained was used to synthesize the corresponding esters of 
dialkylthiophosphinous acids, RgPS(OR'), The butyl ester of dibutylphosphinic acid, when reacted with 
methyl iodide, gave dibutylmethylphosphine oxide,* 


* When this reaction was carried out at a temperature of — 5°, we observed the formation of a crystalline sub- 


stance, apparently an intermediate product in the Arbuzov rearrangement, which is in harmony with the data of 
A, I, Razumov and N, I, Bankovskaya [11], 
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Oxidation of the butyl ester of dibenzylphosphinous acid by means of the oxygen of the air gave the butyl 
ester of dibenzylphosphinic acid, which proved to be identical with the ester synthesized on an earlier occasion 
by another method [5], Hydrolysis of the esters of dibenzylphosphinous acid in a neutral or weakly acid medium 
led to the formation of dibenzylphosphinous acid [12}, 


The interaction of sulfuryl chloride with the butyl ester of dibutylphosphinous acid in light petroleum at 
0°, followed by maintenance at 50° for 14 hr, led to the production of the acid chloride of dibutylphosphinic 
acid [13], This reaction may prove to be a convenient method of synthesis for the acid chlorides of dialkyl- 
phosphinic acids, Hydrolysis of the acid chloride of dibutylphosphinic acid produced the corresponding acid [14]. 
The experiment in this case was carried out without isolation of the intermediate products, Yield was 61%, cal- 
culated on the basis of the initial butyldichlorophosphite, The yields, constants and analytical data for the com- 
pounds obtained are set out in Table 2, 
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There exists much information on the catalytic activity of platinum on cyclanes, with the number of carbon 
atoms in the ring varying from 3 to 8 [1, 2], but cyclodecane has not been investigated in this connection, and 
comparison of it with other members of the series would undoubtedly be a matter of considerable interest, It is 
true that the contact transformation of cyclodecane was investigated by Prelog and Schenker [3], who were able 
to show, even as early as 1953, that this hydrocarbon, at 340° and in the presence of palladium on carbon,gives 

a yield of 20% azulene and 4,5% naphthalene, It was, however, impossible to effect a comparison between the 
results of these experiments and the data obtained for other cyclanes on platinum, since the catalytic properties 
of these two metals are sometimes appreciably different [1], Hence an investigation of the behavior of cyclo- 
decane on platinized carbon deserves attention, in addition to which it is also of interest from other points of 
view, Actually, it has up to now been supposed that cyclodecane is directly transformed into azulene, 


However, when the discovery of the C,-dehydrocyclization reaction was made [4], the question arose 
whether the formation of azulene might not be only a secondary process, there being first formed decahydro- 
azulene (transannular C;-dehydrocyclization), which was subsequently dehydrogenated to give azulene, Ina 
similar way, naphthalene might be formed from decalin, the product of transannular Cs-dehydrocyclization, It 
is to be regretted that the authors mentioned did not investigate the residue remaining after the separation of 
the aromatic hydrocarbons, and so the question remained unsolved, 


In the work referred to, an attempt was made to approach an explanation of the possibility of such a reac- 
tion course, in the first instance on platinized carbon (5 to 20% platinum), on which the investigationsof the 
Cs-dehydrocyclization were carried out, The experiments were carried out at 300° and 310° without a gas carrier, 
Under the conditions used, a large part of the cyclodecane which had passed over the catalyst had been submitted 
to transformation, The investigation of the catalyzates was performed by means of precise fractionation in ef- 
ficient columns, chromatography on silica gel for the separation of the aromatic hydrocarbons from the paraffinic 
and naphthene hydrocarbons, and Raman spectrum investigation, The analysis of the spectra, especially of the 
naphthenic hydrocarbons, was made difficult by the presence in many of these of componeats whose spectra are at 
present unknown, In general, the catalyzate was found to be very complex, containing paraffin, mono- and di- 
cyclic naphthenic and aromatic hydrocarbons, Naphthalene and o-diethylbenzene are important constituents of 
the last group, Small quantities are also observed of a-methylindane, n-butylbenzene, indane and o-methyl- 
ethylbenzene, The paraffin-naphthene portion is of special interest, and it contains in approximately equal 
amounts n-hexane, cis-decahydroazulene and 1,2-diethylcyclohexane, with a small quantity of trans-decalin, 


; 

e 
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and some hydrocarbon whose spectrum is unknown, It is clear that the formation of decalin and naphthalene is 
the result of transannular Cg-dehydrocyclization, while the decahydroazulene is produced as the result of trans- 
annular Cs-dehydrocyclization of cyclohexane, It follows that the C,- and C,-dehydrocyclizations must be 


actually accomplished not only by means of the closing of open chains, but also within the ring, with the forma- 
tion of bicyclic systems, 


The presence of n-decane in the catalyzate is of special interest, since this can only be formed by the 
rupture of the ten-membered ring, Since hydrogenolysis had up to now only been known in rings containing no 
more than five carbon atoms, this observation takes on fundamental significance, It is still not clear how the 
o-diethylbenzene and 1,2-diethylcyclohexane, which arise at a temperature of 300° in proportions exceeding 


30%, are produced, It has to be said that none of the reactions known at present is capable of explaining this 
fact, 


The experimental material which has been obtained makes it possible to conclude that cyclohexane under- 
goes reaction in the presence of platinized carbon according to the following scheme: 


Cc Cc 
All the other hydrocarbons found in the catalyzate are presumably the products of subsequent transformations, 


EXPERIMENTAL 


Cyclodecane, possessed b, p. 70,5 at 11 mm Hg; f, p. 11,0°; n?°D = 1,4715; d°, = 0.8583; degree of purity 
(on the basis of the freezing curve) = 99,5%, Catalyst: this was platinized carbon prepared by the Zelinskii 
method [5], containing 5% platinum for experiments at 300°, and 20% platinum for those at 310°, 


Contact transformation of cyclodecane at 310°, In two successive experiments, 84,1 g of cyclodecane were 
passed over the catalyst at a volume rate of 0,2 hr!, There were collected 76,1 g of catalyzate, and 25 liters of 
hydrogen containing as impurity only 1,5% (that is, a further 2,6 g) of methane, The loss amounted to 6.5%. 
Properties of the catalyzate obtained were: 1f°D = 1,5000, bromine number = 2,45 (catalyzate I); and YD = 
= 1,4959, d%, = 0,8799 (catalyzate II), The specific gravity of the first catalyzate was not determined, since 
it contained many crystals, Both the catalyzates were cooled to 0°, and the crystals separating out were filtered 
off, Catalyzate I produced 3,8 g, and catalyzate 112.9 g of crystals, The filtrates had n°°D = 1,4898 and 1,4883 
respectively, The crystals obtained had an odor of naphthalene, and after recrystallizing from alcohol melted 
at 80,0-80,2°, A mixed melting point test of the sample with a known specimen of naphthalene melted at the 
same temperature, After chromatography on silica gel, the catalyzate,now freed from aromatic constituents, 
(25,0 g) was distilled on a column whose effectiveness was 40 theoretical plates, The results of the distillation 
are shown in Table 1, The aromatic part was not investigated, 


Contact transformation of cyclodecane at 300°, 190 g of cyclodecane were passed over the catalyst with 
a volume rate of 0,2 hr™", The catalyzate was fractionated through a column of 80 theoretical plates, by which 
means the naphthalene and unchanged cyclodecane were separated, The last-named was again submitted to the 
catalytic process, After this process had been performed three times, the products included 41,5 g naphthalene, 
128.1 g of liquid catalyzate, and 91,3 liters of hydrogen containing only 1% of methane (that is, a further 8.7 g), 
the loss amounted to 6,0%, Those fractions obtained by the distillation referred to, which had a value of FD 
less than 1,4820, were combined and submitted to chromatography on silica gel for the separation of the paraffi- 
nic and naphthenic hydrocarbons from the aromatic, The fractions from the distillation which had a higher value 
of the refractive index were regarded as aromatic hydrocarbons, although, as appeared later, they proved to con- 
tain a certain quantity of bicyclic hydrocarbons which were separated chromatographically, By this means were 
obtained 69,1 g of aromatic, and 49,1 g of paraffin and naphthenic hydrocarbons, which were submitted to 
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TABLE 1 


Results of Distilling the Paraffin-Naphthene Portion of the 
Catalyzate from Cyclohexane at 310° 


No. of 
fraction 


Boiling limits, 
°C at 760 mm 


Weight of 
fraction, 


20 
"pn 


I 

II 
Ul 
IV 
Vv 
VI 


Residue 


TABLE 2 


172,5—174,7 
174, 7—184,2 
184,2—193,6 
193,6—195,2 
195,2—198,5 
198 ,5—201 ,0 


b& bo to 


1,4182 
1,4318 
1, 4681 
1,4730 
1 ,4730 
14,4720 
1,4717 


0, 7466 
0,7796 
0 , 8667 
0,8779 
0,8740 
0, 8635 
0, 8592 


Results of Fractionating the Aromatic Portion of the Catalyzate from Experi- 


ments at 300° 


No. of 
fraction 


Boiling limits, 
°C at 17mm 


20 


20 


Weight of 
fraction, g 


Il 
Hl 
IV 
Vv 
Vi 
Vil 
Vill 
IX 
X 


62,7—71,9 
71 ,9—73,3 
73,3—74,9 
74,9—76,1 
76 ,1—76,5 
76 ,5—76 ,6 
76 ,6—76,8 
76 ,8—78 
78 ,4—80,0 
80,0—80,8 


1 ,5052 
1,5100 
1 ,4960 
1,5000 
1,5013 
1 ,5020 
1 ,5020 
1,5018 
1, 4890 


0,9007 
0,9189 
0,8806 
0,8772 
0,8772 
0,8778 
0,8784 
0, 8800 
0,8869 


1,4755 0,8790 


Residue 1, 4880 0, 8890 


Loss 


separate distillation through the same column as had been used previously, The results of fractionating the paraf- 
fin-naphthenic portion are similar to those given in Table 1, The results of fractionating the aromatic portion 
are given in Table 2, 


Fractions VII— X* of the paraffin-naphthenic portion were combined (giving 17,5 g), and treated with a 
methanol solution of urea, Decomposition of the urea complex which separated gave 8,3 g uf n-decane, which 
had b, p, 172-173° at 743 mm, #°D = 1,4122 and ¢, = 0,7302, whichis in good agreement with published data[ 6). 


Investigation of the composition of the fractions by means of Raman Spectra, The method used here has 
already been described earlier [7, 8]. A large part of the spectra of individual hydrocarbons which were used for 
the identification of the components of the fractions, were taken from the monograph cited [8], while the cor- 
rected spectrum for o-diethylbenzene has been taken from the catalogue of the American Petroleum Institute [9], 
The spectra of cyclodecane, a -methylindane and cis-decahydroazulene have been obtained by the present authors 
and will be published separately, It has not been possible to give a complete interpretation of the spectra, be- 
cause of the presence of lines of unknown affiliation, In certain cases it was possible to point to a series of lines 


*No details of these fractions are given, We are told that fractionation of this portion gave results similar to 
those in Table 1, which stops at fraction VI; fraction VII-X in Table 2 refer to the aromatic portion, However, 
the “residue” in Table 1 amounts to 31,6% of the portion distilled, and the combined fractions referred to here 
amount to 1750/49,1 = 35.6%, from which it can be concluded that the "residue" of Table 1 was in this case 
further fractionated — Translator, 
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TABLE 3 


Results of Spectroscopic Analysis of the Paraffin-Naphthenic 
Fractions of the Catalyzate from Cyclodecane at 310° 


No, of fraction 


3 


4 


n-decane 


trans- decaline 


Cyclodecane 


TABLE 4 


2-Methylnonane 
1,2-diethylcyclohexane 


Decahydroazulene 
Unknown hydrocarbon 


+H 


traces 


Note: the number of crosses (++ etc) does not reflect the 
quantitative composition of the fraction, but refers only 
to the relative composition with respect to these hydro- 
carbons in relation to that in the neighbouring fraction, 


++ + 


whose intensity from fraction to fraction first increases, and then diminishes, One assembly of such lines in the 
spectra of the paraffin-naphthenic fractions was 393(3), 419(4), 448(4), 487(5), 528(5), 561(4), 580(5), 751(7), 
780(5), 828(2), 847(6), 995(4), 1026(4), 1035 (4), 1083(5), 1162(3), 1208(5), 1240(3), 1270(5), and was ascribed 
to 1,2-diethylcyclohexane, which was confirmed by the dehydrogenation of the compounds in fractions 3-5, which 


led to the development of intense lines due to o-diethylbenzene, It is nevertheless, not to be ruled out that some 
of these lines may belong to other hydrocarbons, 


Results of Spectroscopic Analysis of the Aromatic Fractions of the Catalyzate from Cyclo- 
decane at 300° (the compositions are given in weight % of the fraction) 


Fraction 


Hydrocarbon 


n-Butylbenzene® 
1-Methyl-2-ethylbenzene 
1,2-diethylbenzene 
Indane 

Methylindane 
Trans-decalin*® * 
Decahydroazulene® * 
Unknown hydrocarbons® * 


* In the first fraction it is possible that some n-propylbenzene is present, 


** As has been noted, the aromatic fraction were not submitted to chromatography, and 
part of the bicyclanes are found in these on fractionation, 


+ + 


+ + 


A further series of lines: 421(3), 473 (8), 906(7), was observed in the spectra of the fractions from the 
catalyzate obtained at 310°, and also in the aromatic fractions from the experiments at 300°, which were not 
submitted to chromatographic separation (see above), It is possible that these lines belong to the spectrum of 
trans-decahydroazulene or of 8-methylhydrindane, The results of the analysis — quantitative or semiquantative 
— are reproduced in Tables 3 and 4; the composition of the paraffin-naphthenic portion of the catalyzate ob- 
tained at 300° is little different from that given in Table 3, and is not given separately, 


+ — —_ 
b+ +4 + ? 
+] ++ ++ + 
— |traces + ++ +4 
- + = ++ 
5-10]; ~5 | 25 | 20 | 20 | 15}10] 
55 | 10 | - 
|10 | 40 | 75 | 80 | 85] 90 |95/u.] | - 
35 | 50115 | |= |-| 
- | 25 | 20 5 
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Owing to the use of spectral methods of investigation and x-ray structural analysis, the problem of nitroso- 
phenol — quinonoxime tautomerism has now been largely solved, In the solid state nitrosophenols exist in the 
quinonoxime form [1-3], For compounds of the benzene series tautomeric conversion by intermediate formation 
of a mesomeric anion takes place in solution [4-9], 


O-0- 


NOH 


In this work we investigated the behavior of the arylmercuric radical in the system nitrosophenol — quinon- 
oxime, By reacting arylmercuric hydroxides with nitrosophenols, their arylmercuric derivatives are obtained 
according to the general scheme (Table 1): 


R HgOH -|- HA -> R HgA + 1,0, 


where HA is a nitrosophenol, 


The products are brightly colored crystalline substances, insoluble in water, NaOH converts them into the 
corresponding sodium nitrosophenolate and arylmercuric hydroxide: 


R Hg A + NaOH — R HgOH + Na A. 


Consequently, they can have either a benzoid or a quinoid structure: 


RHgO | or RHgON={ 


It is known that a nitroso group attached to an aromatic nucleus possesses in the region of 11000-17000 em™ 
a characteristic absorption, the intensity of which depends to a small extent on the substituents in the nucleus and 
on the solvent (10, 11], This was used in the determination of nitroso-form content in the tautomeric system of 
nitrosophenol [7-10], Besides tautomerism, the decrease in transmittance can be evoked by partial dimerization 
of nitroso-compounds [11, 12], In this case, the extinction coefficient depends on the concentration, Spectra 
were observed for Serivatives of nitrosobenzene, nitrosophenols and their arylmercuric derivatives in the region 
11000- 17000 cm™ in tetrahydrofuran (THF) and other solvents, in a cell 10-100 mm wide (see Table 2 and diagram 1),* 


Abs Absorption spectra were taken on an SFD~-1 spectrophotometer in the optical laboratory of the Institute of 
Heteroorganic Compounds, Academy of Sciences, USSR), 


‘ 
3 
ty 
fi O. 
ane 
2 
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TABLE 1 


M.p. 
R (decomp.) H,% | | Hg. % 


% \found|calc. |found |calc.|found |calc.| found |calc. 


38.11 3.28 6.54 45.33 
=0]126 fr. alc.| 71 5.95 [9-271 76 45 99 (45-30 


6. 
The same -ON= =0/141 fr. alc.} 91 30.18 39.40 3.50 6.14 


39.10 3.611 43.67 


44.01 
43.90 


l 35.20 2.91 5.96 41.83 
ON 12 fr. ale 9 95 [2-72] 5 75 


43.70 


39.35 3.41 6.55 
—ON = =0]135 fr. alc.| 93 39.40 3.50| °° 
39.36 3.38 | 6.38 


44.09 3.27 5.85 40.46 
132fr.CgH,| 64 43.90 3.25| lao. 
0 43.97 3.31 5.74 | 40.83 


=NO 44.05 3.31|. 5.64 40.68 
158 fr. alc.| 90 43.90 3, 5. 
ake 43.94 3.29 | 5.65 | 40.34 


44.10 3.28 5.75 40.57 
156 fr. 85 |43.90 3.25 | 15.70] 
CoH 44.05 3.33 | 5.81 40.63 


48.47 3.39 5.38 37.17 
155 fr. Cel 48, 38 ‘ 
82 47 [48-60] | 5 08 97.09 


-ON= <—) =0 


os 143 fr. 36.41 2.63 3.33 46.42 
4—CH,OC,H, |-ON= =O 91 36.32 3.26 45.50 
36.49 2.50 |” 3.24 46.55 


In spectra of nitrosonaphthols, anthraquinonoxime and their arylmercuric derivatives ,an NO-group maxi- 
mum is absent, indicating for them a quinonoxime structure, Spectra of nitrosophenols and their arylmercuric 
derivatives contain a characteristic NO-group band, the intensity of which is considerably lowered, depends on 
the solvent and is independent of concentration, The latter is evidence of the absence of dimerization, It is 
known that arylmercuric compounds dissociate weakly at the Hg-O bond [13], Therefore, having in mind the 
presence of NO-group absorption in the spectra of arymercuric nitrosophenol derivatives, the intensity of which 
is lowered and depends markedly on the solvent, it can be assumed for them, by analogy with the corresponding 
nitrosophenols, that tautomerism occurs by intermediate formation of a mesomeric anion: 


O Oo 
OHgR O- {| \! 
RHg =@) 
NO NO 
NO- NOHgR 


Considering € max to be approximately proportional to nitroso-form content the following conclusions 
can be arrived at, Substitution in the nitrosophenol nucleus leads toa decrease in the nitroso-form content in the 


| 
| 
NO- 
137 fr. 35.92 2.19 3.30 50.17 
36.00 .25 3.5 50. 
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TABLE 2 


Compound Solvent Compound Solvent | a 
P Eg & 
w a w 
C,H,NO THF 13,2 | 48 RHgOC,HyNO-4 CH,COOCG,H, | 13,9 
4-CIC,H,NO 13,2 45 The same CHC), 14,2] 3,2 
2.CH,0C,H,NO 12,8 | 51 » of 13,9 |12,5 
4-CH.0G.H,NO » 13,6 |52 | THE 13,9 |15 
The same CH,COOC,H; 13,6 49 || CH,OC,H,HgOC,H,NO-4 13,9 
CHCl, 13,8 |52 | HOCH 13,3 | 2,7 
of 13,6 | 52 13.6 | 9.9 
HOC,HYNO-4 THF 13,6 | 12,5 HOCH 13.6] 1,6 
The same CH,COOC;H, | 13,8 | RHgoc,H Lae 19.9 3.0 
CHCl, 13.9 | 2,8] HOCH. 13.61 2.5 
of So 7.2 
RHgOC,H.NO-4 THF 14,0 | 16 


R = 4-(CH;),NC,H,— 


TABLE 3 


v,cm-! 
in in in in 
ound 
Compound powder |CHCI, Comp powder 
form form 
cH,on=<__ >=0 1585 1646] — 16 NOCH,| 1592 1627 |1600 1660 
cH 1585 1645 0 <> SO 1502 1650 1670 
CH, \/\=nongr NOH@R| 1570 — |1603 — 
1573 — 1 | 
aH, | 4 | 1577, 1627 |1595 1632 
>=0| 1580 1627] — \AZ4 
>=0 1588 1629 |1600 1634 
RHgON=<—_ >=0 1592 1628 |1605 1 1585 1645 |1602 1660 
<> 
RUgON=C—_ >=0 1588 1623 }1603 1 
cH 
Dy 


R= 4-(CH,)2NC,H, 


solution, Arylmercuric derivatives are characterized by increase in nitroso-form content in comparison with the 
corresponding nitrosophenols, particularly in the case of nitroso-m-cresol _— and o-chloronitrosophenol, The 
nature of the arylmercurgic radical does not influence to a marked extent the position of tautomeric equilibrium, 
The dependence of tautomeric equilibrium on the solvent is not strictly symbatic for nitrosophenol and its aryl- 
mercuric derivative, In contradistinction to the arylmercuric derivative of nitrosophenol, NO— group absorp- 
tion is absent in the spectrum of the nitrosophenol anion, which indicates a quinonoxime structure for it (see 
figure), To establish the structure of arylmercuric derivatives in the solid state, their ir spectra and the spectra 
of methyl esters of quinonoximes in the region 1400-2000 cm=! were taken,* According to the data in the lit- 
erature, absorption bands in the region 1520-1580 cm~! are characteristic for the quinonoxime structure, the 
bands corresponding to C=N vibrations or those of the C=C — bond, while bands at 1625-1645 cm™ are attri- 
buted to the carbonyl group (1, 2]. In the spectra of arylmercuric derivatives (with exception of a derivative of 


*Infrared spectra were taken on a VIKS-MZ spectrograph at the optical laboratory of the Institute of Heteroor- 
ganic Compounds, Academy of Sciences, USSR . 


4 

ey 

| 


2-oxime, 1,2-naphthoquinone) and methyl esters of quinonoximes, characteristic bands are present in the region 
1550-1590 cm™! and 1620-1660 cm! (see Table 3), Because of this, a quinonoxime structure must be attributed 


to arylmercuric derivatives in the solid state. In the case of the derivative of 2-oxime 1,2-naphthoquinone the 
question remains open. 


The presence of the quinonoxime form in solutions of arylmercuric derivatives of nitrosophenols is con- 
firmed by ir spectral data, In the ir spectra of solutions of arylmercuric derivatives of nitrosophenols in chloro- 
form, bands of the C=O group are present in the region 1620-1670 cm7! and the band of the C=C bond at 
approximately 1600 cm™ which does not always appear as a result of the superimposition of CHCls's own absorp- 
tion, Thus, the data obtained show that arylmercuric derivatives of nitrosophenols exhibit great similarity to 


the corresponding nitrosophenols, possessing a quinonoxime structure in the solid state and being tautomeric with 
the benzene series in solution, 


cm™~!.1073 


Absorption spectra of nitrosophenols and their arylmercuric derivatives 
in tetrahydrofuran, 1) 2) 


3) KOCgH4NO-4; 4) HOC,H,NO-4; 5) CH;ON = >= 0, 


6—CHO SNO, 7 (fi 8— (N) 
NOH NOHgCoH4N (CHs)z 


= NOH, , ne == NOHgCsH,N (CHs)2 


In conclusion, we express our thanks to Academician I, V. Obreimov for much valuable advice and to 
N, A. Chumaevskii and E, D, Vlasov for ir spectral exposures, 
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In contrast to benzene, in systems with condensed aromatic nuclei, there is an inherent irregular distribu- 
tion of electron density between the atoms forming the skeleton of the molecule, and moreover, the molecule 
becomes excited more easily, In each individual case these conditions can be quantitatively illustrated by cal- 
culations, and in the literature there is much data obtained mainly by the methods of the MO theory, Among 
organosynthetic workers who do not employ calculations, it is the custom to link excitability of polynuclear 
molecules with the total number of nuclei comprising the molecule; however, such an approach, as will be 
shown below, is wrong, 


Let us look at a very simple case — polynuclear aromatic hydrocarbons containing a six-membered ring 
only, If the double bonds in the formulas of such compounds are arranged so that all electrons are paired, nuclei 
are often observed which it is impossible to represent by the canonical benzoid structures of Kekulé, To similar 
nuclei, which we shall henceforth call nonbenzoid for short, different types of quinoid structures must be given, 


right up to a triquinoxyl one, The structure of the naphthalene molecule, for instance - 


, can be rep- 


resented thus, without resorting to a quinoid structure, in other words, such a molecule contains no nonbenzoid 

nuclei, whereas a molecule such as anthracene’ contains one nonbenzoid nucleus, denoted by 
A 


a cross, This nonbenzoid nucleus must be placed in the formula in a different manner (in anthracene, for in- 
stance, on either side), but its location will not influence our discussion, The naphthalene molecule can be 


represented differently, with one nonbenzoid nucleus Ce but we shall consider, however, in every case, 


only the most profitable structures, containing the least possible number of nonbenzoid nuclei, i.e,, we shall allot 
the naphthalene molecule to the polynuclear structures containing no benzoid nuclei, giving naphthalene the 

first of the two structures shown, By similar reasoning, we place benzene in a group on its own, because, being 
the parent of polynuclear aromatic substances, the same does not apply to it, and distribution of electron density 
among the C atoms in benzene is uniform, 


It appears that molecular excitability, and with it also many energy characteristics of compounds, are 
connected with the number of nonbenzoid nuclei which are obtained on arranging the double bonds in the formula 
of the given compound, This concept, being largely formal and not indicating actual molecular structure directly, 
nevertheless, besides being simple, is sufficient for orientation work in examining certain intrinsic properties of 
polynuclear aromatic compounds, 


> 

4 


TABLE 1 


Compounds Used (the numbers of the compounds correspond to 
the numbers in Fig, 1) 


» \ror- |, |, , |For - 


The figures show the relation of a number of nonbenzoid nuclei occuring in the structural formula of the 
substance; to the energy of the lowest unfilled level (Fig, 1A); ionization potential (Fig. 1B); affinity for methy] 
(Fig. 1C), and “energy of activation” of conductivity E in the relation o = o9¢e ~E/2KT for 54 different hydro- 
carbons with condensed nuclei (Fig, 1D), From these diagrams the correlation between all the values mentioned 


is also clear, For values of energy of excitation in the biradical state calculated by Dyatkina and Syrkin [2, 3], 
the same diagram is obtained as for energy of the lowest unfilled level. 


As the number of nonbenzoid nuclei increases from 0 to 4, the color of the compound progressively deepens, 


Absorption maxima are shifted from the 200-300 my region to the 600-700 my region, in other words, photon 
energy falls approximately from 4 to 1,8-1.9 ev, 


With increase in number of nonbenzoid nuclei, a tendency to easier excitability is observed in the molecule, 
It is noteworthy that data on energy of activation of conductivity are given in Fig, 1D only in cases of natural 
packing of the molecules of the substance under investigation (the substance was obtained from solution by eva- 


poration of the solvent), On investigating the conductivity of samples obtained by compressing powdery substances 
[8], such dependence is not observed, 


It is easily seen that the criterion proposed by us — number of nonbenzoid nuclei — can also be linked with 
electron affinity, with increase in difference in the lengths of bonds between the various carbon atoms in the 


molecule of one and the same compound, and with size of maximum index of free valence, and hence also with 
ability of the substance to inhibit certain auto-oxidation reactions [7], 


Judging by certain calculations and experimental data [2, 9] such an approach was used with meta- and 
paraoligophenylenes, In this case, chain growth in the absence of nuclei of a nonbenzoid structure does not change 
the excitability of the system, A different result can be expected with parapolyphenylenes, where, in the case of 
considerably increase in chain length, an increase in importance of quinoid structure is probable, thus resulting 
in easier molecular excitability, As the calculations of Dyatkina and Syrkin show[2], polynuclear compounds with 

CHy 
bulky groups of the type CX 5 


can be accommodated in the general picture described by us, 
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Fig, 1, A) Relationship between number of nonbenzoid nuclei and energy value 
of lowest unfilled level according to the data [1]; B) relationship between num- 
ber of nonbenzoid nuclei and value of the ionization potential according to the 
data (4, 5]; C) relationship between number of nonbenzoid nuclei and affinity 
for methyl, expressed as logarithm of the reaction velocity constant according 
to the data [4]; D) relationship between number of nonbenzoid nuclei and mag- 
nitude of energy of conductivity activation [6], 


It is interesting to note that displacement of the equilibrium of the keto-enol tautomer of phenols is in 
the direction of the more stable structure, for example: 


(nuclei of nonbenzoid structure are denoted by a cross; possible equilibria are markedly displaced in the direc- 
tion of structures with the least number of nonbenzoid nuclei), and that the fall in redox potential of polynuclear 


quinones, in other words, the relative chemical inertness of these quinones, it is seen, also lies in the sphere of 
usage of the feature described, 
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Compounds, in the structural formulas of which more than four nonbenzoid nuclei occur, are so unstable 
that attempts at synthesizing them were unsuccessful until recently, It is thought that the advent of structures 
in whichthe radical state is basic, has occured here, 
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A sufficiently detailed study has now been made of the chlorination of organosilicon compounds by chlo- 
rine in liquid or vapor phases at temperatures of 20-200°C in the presence of catalysts or reaction initiators (see 
(1-4]), Vapor phase chlorination of alkyl- and arylsilane chlorides by chlorine are carried out as a rule at the 
boiling points of the initial compounds {1}, Only alkylsilane halides [5] and vinyltrichlorosilane [6] are subjected 
to high-temperature (250-600°) chlorination by chlorine in the gaseous phase, Thus, it can be considered that 
high-temperature chlorination of organosilicon compounds is really only starting to be studied, 


It seemed of interest to apply high-temperature chlorination to phenyltrichlorosilane, First, it was neces- 
sary to examine the possibility of carrying out a continuous chlorination process on phenyltrichlorosilane at 
elevated temperatures (200-500°), On the other hand, it was necessary to obtain an answer to the question as 
to what would be the ratio of the ortho-, meta-,and para-isomers, 


Already, trial experiments in chlorinating phenyltrichlorosilane in a tube filled with a checkered brick- 
work of quartz at 350° had confirmed our expectations, Yield of monochloro-derivatives in this case amounted 
to 19% of the total phenyltrichlorosilane passed through and 58% on the amount of it entering into reaction, 

The ratio of ortho-, meta-, and para-isomers, namely o: m: p = 22: 39: 39, was also very unexpected, Thus, 
in this instance the meta-orientating ability of the SiCl, group [7] was already not being manifested, The quant- 
ity of meta-isomer in the mixture, as shown in Table 1, remained almost constant with over a rise in tempera- 


ture to 450°, although the ratio between the ortho- and para-isomers shifted to the ortho-chlorophenyltrichloro- 
silane side, 


It is possible that the original ratio of ortho-, meta-, and para-isomers formed in the first step in chlo- 
rination differs somewhat regarding their further chlorination to polychlorides from that shown in Table 1, How-~ 
ever, this deviation, considering the small quantities of polychlorides and the equal possibility of obtaining them 
under our conditions from any of the isomers, is obviously very small, The results of experiment No, 1 (see 
Table 2), in particular, indicate this, polychloride formation not being observed in this case, If activated carbon 
is used instead of quartz packing, the isomer ratio at the same temperatures remains almost unchanged, although 
the reaction itself usually begins at a lower temperature and is accompanied by negligible phenyltrichlorosilane 
destruction at the Si-C bond, 


We also showed that dimethyldichlorosilane both on activated carbon and on quartz packing when mixed 
with SiC}, is easily chlorinated at 250-400°, However, at the same time a considerable disruption of the Si —C 
bond was observed in all cases, as well as di- and trichloride formation, We came to the conclusion that high- 
temperature chlorination is a homolytic reaction, 
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TABLE 1 


The Ratio of Isomers Formed in High-Temperature Chlo- 
nation of CgH;SiCl, (percentages)* 


Chiorination with Chlorination with 
quartz packing activated carbon 
packing 


Isomer 


350° | 400°} 450° 


450° 


350° | 400° 


Ortho- 22 26 36 14 26 32 
Meta- 39 37 35 37 33 36 
Para- 39 37 29 49 41 32 


* Isomer ratio in the mixture was determined using the Raman 
spectra by the method described previously [7], with an accu- 
racy up to + 2-4%, 
TABLE 2 
Conditions and Results of Experiments on High-Temperature Chlorination of CgHsSiCl, and (CHgs)2SiCl, 


Inflow rate Yield of monomers, % 
Expt, | Initial silane 3 
eis &Ig 2|6 86/4 6 3 9 


anon 


(CH3)2SiCl 

(CH )2SiCl, 307 13.8} 2,39] 300 [quartz | 273.4 - - 
in solution (mix; 

SiCl, ture) 


(50; 50) 


* CCl, (6.9 g) was isolated from the reaction products, B, p, 76,1-77,5° at 748 mm; chloromethylsilane chlo- 
rides were formed in very small quantity (about 10 g). 


Changes in isomer ratio, as in high-temperature halogenation of chloro- and bromobenzenes [8], is evi- 
dently connected with a change in energy of activation in the chlorination of the various positions of the benzene 
nucleus with increase in temperature, 


EXPERIMENTAL 


1, Method of chlorination, High-temperature chlorination of phenyltrichlorosilane was carried out in a 
glass tube of diameter 25 mm and length 500 mm, heated in a furnace to the reaction temperature (250-500°), 
The tube was charged with activated birch charcoal (BAU GOST 6217-52) or with lumps of quartz, Chlorine 


1 | CH,SiCl, 152,0) 34,2] 3,65) 350 | quartz | 150.2} 32,8 19 58 
2 155.3] 34,2] 3.65] 400 163.4) 63.0 1.3 35 69 
3 147,6| 34,2} 3,65] 450 155.0} 40,2 12,5 24 57 
4 | 34,2] 4,75) 350 | act, | 146.9) 45,7 | 11,4 
carbon 
143 | 34,2] 3,65! 400 145,2| 31,3 1.1 19 48 
162,9} 34,2] 3,65] 450 159.8} 20,8 4,6 11 39 
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flow was measured on a flowmeter, Chlorine was previously dried with concentrated H2SO, in a Tishchenko 
flask aad before entering the furnace was mixed with dry nitrogen, CglH;SiCl, and (CH3),SiCl, were measured 
out with a transducer, Before beginning the experiment the furnace was heated to reaction temperature and dry 
nitrogen blown through, Reaction products were condensed in a condenser and collected in a receiving vessel, 
Temperature measurement in the oven was carried out by thermocouple immediately next to the end of the 
tube through which chlorine was passed, Conditions and results of the experiments in CgHsSiCl, chlorination are 
given in Tables 1 and 2, 


9 


2, Determination of the composition of reaction products, Reaction products were preliminary distilled 

in vacuo, then through a fractionation column at 35-40 theoretical plates, On distillation the phenyltrichloro- 
silane chlorination products were removed for spectral analysis; 1) unreacted CgHsSiClg; 2) the fraction 228-236" 
(mainly 230-233°) was a mixture of meta- and parachlorophenyltrichlorosilanes; 3) the fraction 236-250° (mainly 
240-242°) was orthochlorophenyltrichlorosilane with other products as impurities. The remainder, consisting of 

a small quantity of dichlorides, was distilled in vacuo, 


The composition of fractions 2 and 3 was determined using the Raman spectra in the method described 
in the work [7], As standards we used authentic, pure samples of the ortho-, meta- and parachlorophenyltri- 
chlorosilanes obtained by us previously [7]. 


Analytical results are given in Table 1, 
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We have carried out a program of work to investigate the numerous reactions of diphenylinercury in various 
solvents which proceed on heating or under the action of ultraviolet light(1]. The majority of the processes in- 
vestigated proceed by a free-radical mechanism at the expense of dissociation of the CsH; — Hg bond, In one of 
the works, where tagged deuterium compounds were used, it was noticed that photodecomposition of diphenyl- 
mercury in benzene was accompanied by a sinall exchange of benzene nuclei [2] 


yy + (CoD) My 


Earlier, I, A, Korshunov and A, A, Orlova [3] had confirmed the occurrence of this process (3- 10%) in 
photothermoreactions of diphenylmercury in tagged C4 benzene, by which they explained the reversible dis- 
sociation of (C,Hs)2Hg. In both cases they carried out the reactions in ampoules from which air had not been 
evacuated, 


All experiments carried out by us previously were also performed in the presence of air, 


The exceptionally powerful action of oxygen on the decomposition of (CgHy)2Hg, and also the consider- 
able influence we observed that it had on the isotopic constitution of diphenyl obtained on thermal decomposi- 
tion of tetraphenyllead in tagged c™ benzene, prompted us to carry out a more detailed investigation of the 
role of oxygen in reactions with diphenylmercury, 


To this end, experiments were conducted on the decomposition of ordinary diphenylmercury, in solution 
in om and on the other hand — of tagged ae diphenylmercury in ordinary benzene, In this case, experi- 
ments were carried out both inanevacuated system and in the presence of air or pure oxygen, An evacuated 
ampoule was produced by freezing and unfreezing the reaction mixture three times and by pumping out air the 
corresponding number of times, 


The process of decomposition was achieved by the action of temperature or irradiation by a quartz "PRK-7" 
lamp. Experiments on photodecomposition were carried out in quartz ampoules of similar diameter and wall 
thickness, 


On heating to 260° ordinary diphenylmercury in tagged CM benzene in vacuo and in the presence of oxygen 
two processes were observed: 1) decomposition of (CgHs)2Hg into mercury, diphenyl and an insignificant quantity 
of tarry substances; 2) exchange of CgH, radicals between benzene and diphenylmercury, In vacuo, both processes 
proceed very slowly (Table 1), during which an exchange reaction is observed, This persists up to the decom- 
position point of diphenylmercury (expt, 1), and actually increases during decomposition of the latter, On heat- 
ing the reaction mixture in vacuo for 190 hr, exchange occurred to the extent of 13.9%, while decomposition 
occurred in all,only to the extent of 2,7% (expt. 2), 


. 
ERS 
ee 
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TABLE 1 


Thermal Decomposition of Diphenylmercury in a Reactive Benzene Medium (C,Hs),Hg (mol.): CH, (mol.) = 
= 1:15, t = 260° 


2 Benzene Heating} Extent of Activity of Extent of 
Expt, = . activity/ time, | decom- (CgHs)2Hg exchange, 
No Experimental a co impacts/ | hours | position, obtained, Ny 
* conditions o impacts/min 


1 Vacuum 3455 14 52 
2 ° 3.6 {12,32 1890 190 2.7 263 13,9 
3 Atmosphere of air 0.9 3,08 3455 14 19,2 446 12,9 
4 The same 1.8 6.16 3455 33 16,4 557 16.1 
5 Atmosphere of 

oxygen 1.8 6.16 3455 14 40,7 1080 31,2 


Note: 1) Extent of decomposition was determined by the quantity of precipitated mercury, 2) Extent of exchange 
was determined as the ratio of the activity of diphenylmercury to the initial activity of the benzene, 


TABLE 2 


Relation Between Extent of Thermal Decomposition of Diphenylmercury in Tagged Ben- 


ene and Quantity of Oxygen Contained in the Ampoule, (CgHs)2Hg (mol.): mol.) = 
= 1:15; t = 260°, Heating time 14 hours, 


Init. activi-| Extent of |Activity of | Extent 


Expt. O2 (mole) ty of ben- | of ex- Hg (mole) 
No, ene. tion, afterreac- |change, | O,(mole) 
imp/min %o tion, 
: imp / min, 


1 0,000 2000 0 34 

2 0,016 1700 21,6 233 13,7 13,5 
3 0,068 1700 32,7 457 26,9 4,8 
4 0,107 1700 48,7 576 33,9 4,5 
5 0,185 1700 46,9 954 56,1 2,5 
6 0,245 1700 58,1 1160 68,2 2,4 


In the presence of air the speeds of both processes increased markedly but the difference between the two 


became insignificant (Table 1, expts. 3 and 4), This effect was observed still more readily on filling the ampoule 
with pure oxygen (expt. 5). 


It appeared that the diphenyl formed on thermal decomposition in vacuo consisted of 40% of the phenyl 
rings of benzene, the solvent, The isotopic constitution of the diphenyl obtained in a similar reaction in an at- 
mosphere of oxygen reached 63% of the initial activity of the benzene, Such a constitution for diphenyl was ex- 
plained by the thermal decomposition of diphenyl in the presence of oxygen being accompanied by an exchange 
of radicals between the mercury compound and the solvent, The latter process under these conditions reached 
considerable proportions, as seen from Table 1. Thus, it was very difficult to decide on the mechanism of the 
decomposition of (CgHs)2 Hg from the constitution of the diphenyl in this case, 


So it is seen that processes proceeding on heating diphenylmercury in benzene solution in the presence of 


Oy» are exceedingly complex, In the present communication certain preliminary data are given which are still 
insufficient for complete analysis, 


First of all we desired to determine the character of the dependence of decomposition of (Cg;Hs)2Hg on 
the quantity of oxygen in the ampoule, From the data obtained (Table 2) it was seen that for 1 mole of O, 
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TABLE 3 


Thermal Decomposition of Diphenylmercury in Radioactive Benzene in the Presence of 
Several Peroxides and Hydroperoxides, (CgHs)2 (moi.): CgH, (mol,) = 1:15; t = 260° 


Fao 

Expt. Addi i 4 & E E oS. o> 


1 |Cumol hydro- 0,044 1890 14 14,4 320 16,9 3,3 
peroxide 

2 |Tert. -isobutyl 0,093 1890 14 35,6 520 27,5 3,8 
hydroperoxide 


3 


The same 


> 


0,090 


0,090 


1890 


1890 


34,1 


41,96 


5 {Acetone 0,034 1890 14 22,7 276 14,6 6,7 
diperoxide 
6 |Tert. -isobuty] 0,100 1765 2 5,0 31 1,8 0,5 
eroxide 
7 he same 0,100 1890 4 42,4 445 23,5 4,2 
8 2 0,100 1890 14 67,8 830 43,9 6,8 
9 ys E> 0,100 1890 14 67,7 814 43,1 6,8 
10 7 Ks 0,050 1890 4 27,0 245 13,0 9,4 
11 oh Ties 0,050 1890 14 43,8 530 28,0 8,8 


there was a varying number of moles of decomposed diphenylmercury, increasing with decrease in the ratio 
O,/ (CgHs)2Hg. 


It was naturally supposed that diphenylmercury decomposition would be initiated by peroxide compounds, 
Therefore several experiments with additions of hydroperoxides and peroxides were carried out (Table 3), The 
experimental data obtained showed that actually such an effect existed and was noticed more definitely in the 
case of peroxide compounds, Attention was drawn to the radioactivity of the diphenyl produced in the case of 
the peroxide and hydroperoxide of tertiary isobutyl, which in different experiments, amounted to a quantity close 
to 50% of the activity of the initial benzene (47-51%), This indicated that the diphenyl obtained in the reactions 
observed consisted, to the extent of about 50%, of benzene rings of the solvent, 


In the photoreaction of diphenylmercury with benzene (Table 4) in vacuo and in the presence of air, mer- 
cury, diphenyl and a small quantity of tarry substances were produced, whose composition we did not determine, 
It was observed that on increasing air flow to the reaction mixture, the extent of (CgHs), Hg decomposition in- 
creased, In contrast to thermo-, photoreactions both in the presence of air and in vacuo, were almost unaccom- 
panied by exchange of phenyl groups of the mercury compound with benzene (about 0,1-0,4%), 


It was of interest that diphenyl formed on photodecomposition of diphenylmercury consisted to the extent 
of 44,5-47% of benzene rings of the solvent (Table 4, expts, 1-3), This data was well confirmed by an experi- 
ment in the photodecomposition of tagged (c4,H;)» in ordinary benzene in an air atmosphere, The diphenyl 
obtained consisted of 52,7% of the radicals of the mercury compound, It was noteworthy that the remaining 
portion (47,3%) of the active radicals of decomposed diphenylmercury were found as benzene in the solvent, 


On the basis of the data obtained in the present work, the following reaction scheme can be proposed, 


CoHs — + He + Colle 
hv T 
(CoHs)2Hg + Ch* He [(CoHs)2H 


t° 
[(CoHs) (Cf*Hs) HgCoHo] + CoHe 


| 
14 544 | 27,0| 3,8 
29 820 | 43,4 4,7 
: 
one 
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TABLE 4 


Photodecomposition of Diphenylmercury in Benzene, (C,H,),Hg(mol.): CgHg(mol.) = 1: 30 


qT Initial substances Extent of | Substances formed after Activity of 
diphenyl t 
° position, | initial activ- 
activity, imp/min | ity.% 
ray P P ene | phenyl | ™ 0 
1 8,00 0 54,7 2020 12,4 2 > 923 0,1 45,7 
2 5,59 0 38,2 2020 12.7 2 = 900 0.1 44,5 
3 5,64 0 38,6 2020 34,5 7 — 948 0.4 47,0 
4 1.9 7190 13.0 0 51,3 - 106 | 3790 - 52,7 


Notes: 1, Experiment 1 was carried out in a sealed ampoule in the presence of air, Exposure lasted 175 hours, 
2, Experiment 2 was carried out in vacuo, Exposure time, 175 hours, 3, Experiments 3 and 4 were carried out in 
ampoules sealed with cork stoppers, Exposure time, 175 hours, 4, The quantity of radicals of diphenylmercury 


decomposed and converted into benzene in the solvent is calculated from the activity of the benzene after reac- 
tion (106 imp/min), This quantity is 47.3%, 


Diphenylmercury forms an intermediate complex withbenzene, within which an exchange of phenyl radi- 
cals occurs on heating, 


Under the influence of U, V. rays the complex decomposes, one phenyl radical then acquiring a benzene 
hydrogen, and the other combining with a phenyl group of its molecule, As a result of this, mercury, benzene, 
and diphenyl are obtained, The latter consists equally of radicals of the mercury compound and of benzene the 
solvent, Oxygen from air accelerates this process, However, the mechanism of its action is still not clear to us, 
By the same mechanism, probably, thermodecomposition of diphenylmercury takes place, But in this case its 
observation using tagged atoms is made difficult by the presence of exchange reactions between (CgHs),Hg and 


benzene, 
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Earlier [1] it was established by us using N'5 that conversion of azoxybenzene into p- and o-oxyazogenzenes 
proceeds by two different mechanisms independently of the conditions under which the reaction is carried out, 
On regrouping of azoxybenzene into p-oxyazobenzene, both benzene rings are hydroxylated to a like degree, 


which depends on the formation of an intermediate compound of symmetric structure, On formation of o-oxyazo- 
benzene only the benzene ring further from the NO-group is hydroxylated, and, consequently, in this case the 
reaction proceeds without formation of a symmetric intermediate compound, 


OH 


However, the data obtained with N® appeared to be sufficient for a deeper understanding of the reactions 


studied, In particular, the following important question in principle remained unexplained — whether regroup- 
ing proceeds inter- or intramolecularly, 


In the present communication the results are given of a study of the isomerization of azoxy compounds 
with O'8, Investigations were made into the question whether hydroxylation in the case of ortho- and para- 
regrouping of azoxy compounds takes place at the expense of the oxygen of the azoxy group or of the oxygen 
of the medium, and also into the influence shown by substitueits (NO2, Br, etc.) on this process, In connection 
with the elucidation of the structure resulting from the para- regrouping of the symmetrical intermediate com- 


pound, the mechanism of isomerization of one form of the azoxy compound into the other (8 into «) was also 
studied using 
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In solving these questions, azoxybenzene-O"8* was subjected to regrouping in 83% sulfuric acid (at differ- 
ent temperatures), in chlorosulfuric acid, and under the influence of U. V. irradiation, In another series of ex- 
periments regrouping of untagged azoxybenzene was carried out in a tagged medium, 83% sulfuric acid-o}° 


(also at various temperatures) and by heating with acetic anhydride-O3%,* * Regrouping conditions were as for 
azoxybenzene-a -N*® (see {1}). 


In the study of the question of the influence of substituents the first reagents to undergo investigation were 
a -p-bromoazoxybenzene, 6 -p'-nitroazoaxybenzene, and m,m'-dinitroazoxybenzene, which were subjected to 
Wallach regrouping in tagged sulfuric acid under conditions permitting the separation of a certain quantity of 
unreacted initial azoxy compound, In all cases, final and unreacted initial compounds were separated and puri- 
fied under conditions similar to those described previously [1]; o-oxyazo compounds were additionally purified 
by sublimation in vacuo at 40-60°, The little — investigated isomerization of one form of the azoxy compounds 
into the other was studied, for example, conversion of 8-p'-nitroazoxybenzene into a -p- nitroazoxybenzene, 
Isomerization of untagged 8 -p'-nitroazoxybenzene was carried out in a solution of chromic anhydride-O}8* =a 
in acetic acid — oF under the conditions used by Angeli [3], and was also carried out under the action of 98% 
sulfuric acid-O}4* under the conditions recently described by Gore [4]. In the latter case, besides isomerization 
of the 8-form into the a-form, regrouping into p-hydroxy-p'-nitroazobenzene also took place, 


In all the reactions studied the absence was established of oxygen exchange between azoxy compounds, 
oxyazo compounds, and the medium under the conditions in question, To determine o'8 content, initial com- 
pounds and products were subjected to pyrolysis over platinized carbon black at 900°, Carbon monoxide thus 
formed was oxidized at 120° with 1,0, into carbon dioxide, the isotopic consitution of which was analyzed by 
mMass-spectroscopy, o'* content of the sulfuric acid was also determined mass-spectroscopically by examining 
the carbon dioxide, To carry out this, untagged CO, was shaken with water distilled from H2SO4°, until equaliza- 
tion of isotopic consitution of the hydrogen of the water and CO, was achieved, 


On the basis of the results obtained (see Table 1), it is possible to come to the following conclusions, 1) 
Since it was shown that, in para- regrouping, the oxygen of the oxy group in every case has the same isotopic 
constitution as the oxygen of the medium (independently of the conditions applying, presence or absence of 
substituents, their character, number, and position inthe molecule), it follows that a hydroxyl group is formed 
on para= regrouping azoxy compounds, at the expense of the oxygen of the medium, i,e,, the reaction is inter- 
molecular in character, 2) In the case of the ortho- regrouping, the isotopic consitution of the oxygen of the 
oxy group of the oxyazo compound obtained does not differ from the isotopic constitution of the oxygen of the 
azoxy group of the initial azoxy compound (independently of reaction conditions and presence of substituents 
in the molecule); accordingly, during this regrouping, the oxy group of the oxyazo compound is formed at the 
expense of the oxygen of the azoxy group, and the reaction is intramolecular in character, 3) Since, independ- 
ently of isomerization conditions, the isotopic constitution of the oxygen of the azoxy group of & -p-nitroazoxy- 
benzene does not differ from the isotopic constitution of the oxygen of the azoxy group of the initial 6 -p*-nitro- 


azoxybenzene, it follows that isomerization of the 8-form of azoxy compounds to the &-form proceeds intra- 
molecularly, 


The results obtained using N'5 and O'* permit the clarification of the structure of the symmetrical inter- 
mediate compound formed during para- regrouping of azoxy compounds, 


* Azoxybenzene-O!® was obtained by oxidizing azobenzene with 7,5% hydrogen peroxide-o'® (excess O'8 1,51 
at, Yo); ratio of reagents was 1: 2 (compare [2]), Tagged hydrogen peroxide was prepared in the laboratory of 


A, I, Brodskii by the method developed by V, A. Lunenok, (We consider it our duty to express our deep gratitude 
to A, I, Brodskii and V, A, Lunenok), 


** Acetic anhydride-03® was synthesized according to the following scheme: 


CH,CO'}Na 
NaO!8H + CHsCOCI CHsCO}Na —-+ CHyCO8C] ————- (CH3CO"*),018 


*** To prepare chromic anhydride-O3%, 1 part of dry CrO, was boiled for 1 hour with 64 parts of H,0'°, water 
being subsequently distilled off, 


= ~ 


At the present time, of the four symmetrical structures (A, B, C, and D) discussed in the literature, the first 
three must be discarded, 


CH; N (Ol 1) N (OI 1) Coll, Cel 1; N == N 
(A) (B) 
CaHs 


Actually, N,N-diol (A), still postulated by Wohl [5], is discarded because it is impossible to accept the 
necessary hydration stage in its formation in carrying out regrouping in chlorosulfonic acid, 


The assumption regarding the formation of azobenzene (B) as an intermediate compound [6] also seemed 
untenable, since addition of untagged azobenzene during regrouping of azoxybenzene-a-N'® did not cause dilu- 
tion of the tracer of the p-oxyazobenzene obtained [1]. The dication (C) is also unacceptable, since it, accord- 
ing to Gore [4], is formed from the unsymmetrical monocation (E) 


which, as shown by our experiments [1] using N'®, cannot be an intermediate compound in Wallach regrouping, 
because, independently of the reaction conditions, complete equalization occurs of the isotopic constitution of 
both nitrogen atoms of the p-oxyazobenzene formed, Besides this, the dication (C) is highly unlikely from energy 
considerations also, On the other hand, at the present time new data is being obtained in favor of the formation 
of the previously postulated [1] intermediate compound of an oxide character (D), The intramolecular transfer 

of oxygen, observed by us during a study of the isomerization of the 8-form of azoxy compounds into the a-form, 
from one nitrogen atom to the other can be readily accepted, if it assumed that this process takes place through 
an intermediate compound in which the oxygen simultaneously belongs to both nitrogen atoms, It is quite likely 
that in para- regrouping of azoxy compounds also, the same intermediate compound of an oxide character is 


PrP 


Depending on the character and position of substituents, formation of this intermediate compound and its 
subsequent conversion can proceed at different rates, The scheme shown affords a clear explanation both of 
the conversion of one form of an azoxy compound into the other with simultaneous regrouping in the oxyazo 
compound (for instance, 8-p'-nitroazoxybenzene is converted into &-p-nitroazoxybenzene and isomerizes into 
p-hydroxy-p'-nitroazobenzene), and also of the regrouping of azoxy compounds into oxyazo compounds with- 
out simultaneous isomerization of one form into the other (for instance, a -p-bromoazoxybenzene is regrouped 
into p-hydroxy-p'-bromoazobenzene, but is not isomerized into 6 -p'-bromoazoxybenzene), In the case of un- 
substituted azoxybenzene, rate of hydroxylation of the intermediate compound by far exceeds the rate of the 


* This intermediate compound can be considered both as a kinetically independent particle and as an inter- 
mediate stage, 


- 
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TABLE 1 


A Study of the Isomerization of Azoxy Compounds, Using 0'* 


Azoxy compound 


Regrouping conditions 


Oxyazo compounds 
obtained 


Excess in at, %o 


> 
N 
3 
§ 


compound 


in oxy group 
of oxyazo 


compound 
obtained 


Azoxybenzene — 


The same 


Azoxybenzene 


-p-Bromoazoxy- 
benzene 


m,m*-Dinitroazo- 
xybenzene 


B Nitroazoxy- 
benzene 


The same 


HSO,C1; 1 hour; — 8° 


83% 8,5 
days, 23° 

83% H,SO,; 8 min; 
90° 

83% 8 min; 
150° 

u,v. light; 65 hr.; 30-40° 


83% 8.5 days; 
23° 

83% 8 min; 
90° 


83% H»SO}*; 8 min; 
150° 


(CH,CO"*),018; 4 hour; 
230-240° 


83% 25 min; 
75° 


93% H,so}'; 5 min; 
140° 


98% 23 hour; 
23° 
+ CH,CO}*H; 


reverse process — its conversion into the initial azoxy compound (the isotopic constitution of nitrogens of the un- 
reacted azoxybenzene -N'5 separating during the reaction is unchanged [1}), 


* a -p-Nitroazoxybenzene was obtained, 


15 min; 80-90° 


p-Oxyazobenzene 


o-Oxyazobenzene — 


p-Oxyazobenzene— 


o-Oxyazobenzene 


o-Oxyazobenzene 


p-Oxy-p'-bromoazo- 
benzene—o'* 
o-Oxy-p-bromoazo- 
benzene 


p-Oxy-m,m'-dinitro- 
azobenzene 


p-Oxy-p'-nitroazo- 
benzene-(O"*#) 


£6 
3 3° 
~ 
g S882 
0 1,49 
0 1,54 
0 
0 1,51 
0.58 0 
0,58 0,01 
0,58 
0.51 0 
1,38 0 
1,78 0 
1,02 o* 


1.75 


0.96 


As regards the mechanism of ortho-regrouping, the scheme proposed by Badger and Buttery [7] for the parti- 


cular case (regrouping under u,v, irradiation) can be extended to the ortho-regrouping occurring under a number 
of very variable conditions, 


| 
| | 
| 
1,51 0 
1,51 0.1 
Ki 1,51 0 
| 1,37 
1.51 1.53 
0.56 
i 0 0,59 
0,01 
a 0,01 
0 1,14 
0.05 
OH 
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The literature contains relatively few communications relative to the synthesis of dihydric organosilicon 
alcohols in which hydroxyl groups are present in the organic radicals, The synthesis of bis(hydroxymethy]!)- 
tetramethyldisiloxane by the action of methanol on bis(acetoxymethyl)tetramethyldisiloxane (1, 2] and the syn- 
thesis of bis(8 -hydroxyethoxymethyl)tetramethyldisiloxane by the action of sodium glycolate on bis(chloromethyl)- 
tetramethyldisiloxane [3] have been described, 


The synthesis of bis(B -hydroxyethoxymethyl)polydimethylsiloxanes of different molecular weights from 
360 to 1800 was studied in the present work, The cohydrolysis of dimethyldiethoxysilane with the heterocyclic 


derivative (CHs)z2 SIOCH,CH,OCHg, was investigated as a method of preparation of these dimethylsiloxane oli- 
gomers containing 6 -hydroxyethoxymethyl groups at the ends of the chain: 


O —CH2 
H,O 
n (CHg)2Si (OC3Hs)2 +- 2 (CH3)2Si CH; 
CH; —O 
CHs CHs 
| 
> bio — SiCH,OCH;CH,OH. 
| | 
CHs CH3Jn CHs 


Preparation of the cyclic derivative has been described in a previous communication [3], 


The cohydrolysis reaction was based on a property of the cyclic derivative which we had been able to 
establish, This property was the ability of the derivative to undergo hydrolysis readily with conversion to a 
disiloxane; i.e,, in the present case, the heterocyclic derivative acted as a monofunctional compound which 
interrupted the chain of the polydimethylsiloxane formed during hydrolysis of the dimethyldiethoxysilane, 


The hydrolysis was carried out in an aqueous acid medium without a solvent, The reaction proceeded 
according to the scheme indicated above; however, it was accompanied by a side reaction in which the di- 
methyldiethoxysilane was separately hydrolyzed with the formation of octamethylcyclotetrasiloxane in accord- 
ance with the reaction: 


(CHs)2Si — O — Si (CHs)s 


= 

(1) 

(CHs)2Si — O — Si (CHa)2 
1301 


This changed the ratio of the dimethyldiethoxysilane charged to the reaction to the chain-interrupting hetero- 
cyclic derivative with the result that the bis(8 -hydroxyethoxymethyl)polydimethylsiloxanes formed had approxi- 
mately half the number of dimethylsiloxane units expected from the ratio of components charged to the reaction, 


A change in the hydrolysis conditions designed to reduce the development of the side reaction showed that 
if the cohydrolysis reaction is carried out with an amount of water calculated by means of the formula [4] 


n—m’ 


where A is the number of dimethylsiloxane units, n is the number of moles of bifunctional derivative, and m is 
the number of moles of water, the number of dimethylsiloxane units in the bis(6 -hydroxyethoxymethyl)poly- 
dimethylsiloxane corresponds closely to that calculated from the stoichiometry of the reaction, The yield of 


bis 6 -hydroxyethoxymethyl)polydimethylsiloxanes reached 80%, and no cyclic polydimethylsiloxanes were formed, 
This shows that the reaction proceeds only according to scheme (I). 


The dihydric organosilicon alcohols were also synthesized by catalytic conversion of octamethylcyclotetra- 


siloxane, This reaction leads, in the case of octamethylcyclotetrasiloxane, to linear polydimethylsiloxanes in 
accordance with the reaction: 


(CHg)sSi O Si CH Ctl CH; 
| 

| | | 

(CH,).si —O— (CH,)2 CH, LCHsJa CHs 


By controlling the ratio of sulfuric acid to octamethylcyclotetrasiloxane, it was possible to vary the degree 
of polymerization n within desired limits, The second phase in the synthesis consisted of cohydrolysis of the 
oligomer obtained by the above reaction (III) with the heterocyclic derivative according to: 


CHy CHy Cis 


O— CH, 
HOSiO SiO ~~ SiOS( 2 (CHy)2Si 


bu, «Sle Cl, 
Cis, CMe CHs 
| SiO | — SiCH,OCH,CH,OU, 
buy bit, 


| 
CH, Jn 


The results of the experiment showed that bis( 8 -hydroxyethoxymethyl)pol ydimethylsiloxanes can be pre- 
pared by this method; however, the degree of polymerization n of the resulting compounds was somewhat higher 
than would be expected from the ratio of reactants charged to the reaction, Dihydric organosilicon alcohols 


containing 1, 2, 12, 13, 20, and 21 dimethylsiloxane units were prepared by means of the reactions described 
above, 


EXPERIMENTAL 
I, Cohydrolysis of dimethyldiethoxysilane and the heterocyclic derivative in the presence of excess water, 


A mixture of 6,6 g (0,05 mole) of the heterocyclic derivative (CHs)2SiCH,OCH,CH,0, 75.0 g (0.5 mole) of di- 
methyldiethoxysilane, and 100 ml of water acidified with HCl to a weakly acid reaction was heated, The oil 
layer was extracted with ether, washed with water to a neutral reaction, and dried over sodium sulfate, The 

volatile hydrolysis products were then distilled from the oil layer, first at atmospheric pressure and then under 
vacuum, The maximum vapor temperature during the distillation was 200° at3 mm, The distillation yielded 
22,1 g of cyclic polydimethylsiloxanes and 12,8 g (25%) of polydimethylsiloxanediols, The silicon content of 
the volatile products was 38,5% (calculated for — [(CHg)2SiO] — 37,85%), The kettle residue was a colorless, 

transparent, viscous liquid with an elemental composition corresponding to a compound of the structure: 
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CHg CHg CHa 

| | | 
HOCH;CH:OCH,SiO SiO -— SiCH,OCH,CH,OH. 

| | | 

CHs CHa-li3 


Found %: C 34,94, 35,10; H 8,28, 8,38; Si 33,92, 33,93; OH 2.74, CggHygggSiys. Calculated %: C 34,70; 
H 8,41; Si 33,78; OH 2,73, 


Under similar conditions from 13.2 g (0,1 mole) of (CH,)SiCH,OCH,CH,0, 148,3 (1,0 mole) of 
(CHg)2Si(OC H2Hs)9, and 150 m1 of water were obtained 50,7 g of cyclic polydimethylsiloxanes and 44,9 g (yield, 
44% of theoretical) of a dihydric alcohol of the structure; 

CHs 
HOCH2CH,0CH,SiO — SiO 
CHs CH3J CHs 


Found %: C 34,75, 34,72; H 8,32, 8.31; Si 33.67, 33,96; OH 2.90. CggHyqgOy7Siyy. Calculated %: C 34,87; 
H 8,37; Si 33.51; OH 2,91, 


In attempts to separate the dihydric alcohol with 40 dimethylsiloxane units only the alcohol having the 
following structure could be obtained: 


CHs 
| 

CH3 L CH3-l29 


The hydrolysis reaction was carried out under the same conditions, From 13,2 g (0,1 mole) of 


(CH,)gSiCH,OCH,CH,0, 296.5 g (2.0 moles) of (CHg)2 — Si (OC2Hs)2, and 300 ml of water were obtained 


90.1 g (55% yield) of cyclic polydimethylsiloxanes and 50,1 g of the dihydric alcohol containing 20 dimethyl- 
siloxane units, 


Found %: C 33,81, 33,59; H 8,34, 8,25; Si 34,93, 34,83; OH 1,95, CyoHysgOn5Sigg, Calculated %: C 34,02; 
H 8,34; Si 34,98; OH 1,93, 


Il, Hydrolysis withthe calculated amount of water, To a mixture of 7,4 g (0,05 mole) of dimethyldiethoxy- 
silane and 13,2 g (0,1 mole) of the cyclic derivative, in a flask fitted with a stirrer and a small packed column 
for distillation of the alcohol, was added dropwise 3% aqueous hydrochloric acid (1,8 g, 0.1 mole), After intro- 
duction of the water, the reaction mixture was heated with simultaneous distillation of the ethyl alcohol, The 
maximum vapor temperature during the heating was 100°, and the maximum temperature in the flask was 120°, 

A total of 5.4 g of C2H;OH (1”°D 1,3680) was distilled; the excess over the calculated amount (4,6 g) Was appar- 
ently due to partial distillation of the dimethyldiethoxysilane, since the major amount (4,4 g) of the distillable 
product distilled within the interval of 70 to 80°, and this was followed by a fraction distilling from 80 to 120° 
(0.6 g). 


The hydrolysis product was distilled under vacuum, From the distillation was obtained 5,4 g of bis( 8- 
hydroxyethoxymethyl)hexamethyltrisiloxane, which boiled at 150-151° at 1 mm (n”°D 1.4395; #°, 1,020; MR 
found 92,29; calculated 92,75), 


Found %: C 40,55, 40,32; H 8,96, 9,13; Si 22.29, 22,34; OH 9,68, 9.77, CyHO,Sig. Calculated %: 
C 40,42; H 9,04; Si 23,59; OH 9,54, 


and 3,8 g of bis( 6 -hydroxyethoxymethyl)octamethyltetrasiloxane, which boiled at 180° at 1 mm (n°D 1.4335; 
1,015; MR found 110.7; calculated 111,44), 
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Found %: C 38,63, 38,86; H 8,58, 8,76; Si 26,28, 25,66; OH 7.04, 7.36, CygHgg0qSt. Calculated %: 
C 39,04; H 8,89; Si 26,06; OH 7.89, 


From a similar hydrolysis of 6,6 g (0,05 mole) of the cyclic derivative and 74,1 g (0.5 mole) of dimethyl- 
diethoxysilane in the presence of 9,9 m1 of water was obtained (as the kettle residue after distillation of the 
alcohol and volatile hydrolysis products) 31,3 g of the polydimethylsiloxanediol of the composition 


CHs CHs 
| | 
HOCH.CH,OCHSiO SiO SiCH,OCH,CH,OH 
| 
CH, 


| | 
CI 20 CHs 


Found %: C 33,58, 33,45; H 8,34, 8,30; Si 35,49, 35,74; OH 1.98, 2.19, CgpHyggOosSigg. Calculated %: 
C 34,02; H 8,34; Si 34,98; OH 1,93, 


IM, Synthesis of polydimethylsiloxanediols by cohydrolysis of the cyclic derivative and the products of 
the cleavage of octamethylcycloeterasiloxane by sulfuric acid, A mixture of 14,8 g (0,05 mole) of octamethyl- 
cyclotetrasiloxane and 2,45 g (0,025 mole) of concentrated HySO, was heated for 3 hours at 90°, The mixture 
was heated in a flask fitted with a stirrer, a condenser, and a thermometer, The mixture was cooled to 30°, and 
13,2 g (0.1 mole) of the cyclic derivative was added, During the addition, the mixture became more viscous, 
and the temperature rose to 45° due to heat of reaction, Water (30 ml) was then added to the mixture, After 
addition of the water was complete, the mixture was heated at 90° for 2 hours, cooled, and extracted with ether, 
The ether solution was washed to a neutral reaction and dried over sodium sulfate, After distillation of the ether, 
the hydrolysis product was distilled under vacuum to a temperature of 100° at 1 mm. The distillate amounted 

to 1.6 g. The kettle product was a light transparent liquid having the composition 


CHs3 7 CHs 
| | 
HOCH.2CH,0CH,SiO bo SiCH,OCH,CH,OH 

CHs 


CH3J 21 CHs 


Found %: C 33,88, 33,83; H 8,24, 8,36; Si 35,26, 35,35; OH 1,70, 1.68. CmHymOggSigg. Calculated %: 
C 33,96; H 8,33; Si 35,09; OH 1,84, 
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On the basis of the important role of freeradicals and free-radical processes in the mechanism of radia- 
tion damage, one of us has proposed the use of nontoxic inhibitors of radical-chain reactions as possible pro- 
phylactic and therapeutic agents for radiation sickness [1]. 


Since among the various biological transformations peculiar to radiation damage, oxidation processes 
which develop in lipids after irradiation play a definite role [2, 3], we carried out a comparative evaluation 
of the action of certain well-known prophylactic agents (mercamine) and of typical inhibitors of radical-chain 
reactions (hydroquinone) on oxidation processes of methyl oleate, which we selected as a model system, * 


Inhibition of oxidation processes by the addition of chemical substances can be attained either through 
replacement of active radicals which propagate the chain by inactive radicals obtained from the molecule of 
the added substance, or by destruction of the peroxide compounds, which are primary oxidation products and 
which, in a number of cases, are chain-transfer agents [5], 


From the point of view of the use of inhibitors as prophylactic and therapeutic agents for radiation sick- 
ness, it is expedient to divide chemical substances into three types which differ with regard to the mechanism 
of their action: 1) inhibitors of radical-chain processes which interact with radicals of the type R” according to 
the scheme R” + HIn > RH + In’; 2) inhibitors which interact with radicals of the type RO} according to the 
scheme RO} + HIn + ROOH + In’, where HiIn is the inhibitor, In” is a relatively inactive radical; 3) substances 
which destroy peroxide compounds, 


It has been proposed [6] that inhibition of oxidation reactions by hydroquinone takes place according to 
the reactions 


Nog ~~ SOH RO, + SO" + 


semiquinone radical; 


HOC RO, + 0 == 0+ ROH. 


Our data on irradiation of inhibited methyl oleate in the presence and in the absence of oxygen also indicates 
that consumption of the hydroquinone occurs chiefly as a result of interaction with radicals of the type RO». 


* The method of preparation of the methyl oleate and the determination of the functional groups formed during 
oxidation have been described in reference [4], 
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Fig. 1, Kinetic curves for the accumuiation of peroxides (1-3) and oxides 
(4-6), 1,4) for uninhibited methyl oleate; 2,3) with the addition of 1,04- 
mM/ml mercamine; 3,6) with the addition of 1.46°107° mM/ml 
hydroquinone, 


Hydroquinone added prior to the beginning of the experiment retarded the formation of oxidation products 
of the methyl oleate — peroxides and oxides — and increased the induction period (Fig, 1), Hydroquinone added 
during the course of the oxidation also retarded the formation of peroxides, but did not inhibit their decomposi- 


tion, As a consequence, there was some decrease in the content of peroxide compounds (Fig, 2), which indicated 
that methyl oleate peroxide decomposes by a chain mechanism, 


The rate constant for the decomposition of peroxides was equal to the rate constant calculated for an 
oxidized mixture after access to air has been terminated [5], (For a peroxide concentration of 6,7° 104 mole/g, 
Kr = gore = lel 10° g/mole:hr,). It was essential to consider the effect of such a widely used prophylactic agent 
as mercamine, which is a good reducing agent, on the oxidation of methyl oleate, Since it is a good reducing 
agent, it could be assumed that it would react with the peroxide compounds formed during the oxidation of methyl 
oleate, In our experiments, the mercamine was introduced into the mixture during the course of the reaction at 
astage of the oxidation when the amount of peroxides had reached a significant value (6°10~4 mole/g), Under 
these conditions, there was actually observed a rapid decrease in the peroxide content (Fig, 2). 


The mercamine was apparently converted to sulfone derivatives during the interaction with peroxides, 
since the molar amount of peroxide destroyed exceeded the amount of mercamine introduced by a factor of two 
to three, The amount of oxides remained unchanged, Introduction of the mercamine prior to the beginning of 
the experiment retarded oxidation of the methyl oleate in a manner similar to that of hydroquinone (Fig. 1). 


It is interesting to note that the mercamine retarded not only the appearance of peroxides, but also of 
oxides, with which it does not react directly, 


We have previously shown that the formation of oxides in methyl oleate proceeds independently and in 
parallel with the formation of peroxides [4], Retarding of the formation of oxides by the addition of hydro- 
quinone indicates that the formation of oxide compounds from methyl oleate takes place by a free-radical 
mechanism, In this connection, the fact that the formation of oxide compounds was inhibited by the addition 
of mercamine can be explained, for example, by assuming that mercamine is additionally a weak inhibitor of 
the "radical" type, However, this question requires further study, With respect to its action, the addition of 
mercamine is equivalent to the addition of weak inhibitors, At the same time, mercamine, like many other 
antioxidants [7] which act by destroying peroxides, is a powerful synergist for inhibitors which interact with 
radicals, We studied the action of a mixture of mercamine and hydroquinone on the oxidation of methyl oleate, 
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mM/g Synergism can be characterized as the difference (AT syn) 


080;- , between the induction period created by the mixture of inhibi- 
tors (T pix) and the sum of the induction periods attributable to 
\ each of the inhibitors separately (in the present case, T hydroquinone 
and T mercamine)+ 
G60'- 2 
| We found that AT syn depends to an enormously greater ex- 
a v tent on the amount of mercamine introduced than on the amount 
8 of hydroquinone, Thus, for example, with a constant concentra- 
5 aco - tion of mercamine of 5+107* mM/ml and different concentrations 
9 of hydroquinone (1,37-107° and mM/ml), equal values 
5 of AT syn Were obtained, 6 hours (at 80°), At the same time, 
& when the concentration of mercamine was decreased to 2,5+107° 
® Q20}- mM/ ml (with a constant hydroquinone concentration of 1,37+107° 
8 a mM/ml), the value of At syn decreased to 3 hours, 
> This result can be explained on the assumption that the 
mechanism of this effect includes reduction of the oxidized form 
é t : 6 dhours of hydroquinone (for example, a semiquinone radical), As a con- 
sequence, the effect would be as though there was an increase in 
Fig. 2, Kinetic curves for the ac- the amount of radical type inhibitor, stronger than mercamine 
cumulation of peroxides, 1) for un- itself, taking part in the reaction, Therefore, the value of AT syn 
inhibited methyl oleate; 2) with should be greater, the greater the difference in the inhibiting 
the addition of hydroquinone strengths of these two antioxidants, In view of the ability of 
(0,06 mM/ml) to the system; 3) mercamine to destroy peroxides and to reduce the oxidized forms 
with the addition of mercamine of inhibitors, it is possible to explain its prophylactic properties 
(0,3 mM/ml) to the system, on the basis that mercamine protects natural inhibitors in the 


tissue from destruction by radiation and thereby preserves the 
specificity of their action, As already indicated, the introduction of mercamine or hydroquinone before oxida- 
tion of the methyl oleate had practically the same effect, This is merely a consequence of the fact that the 
process by which peroxides are formed in methyl oleate is a chain process, 


In the case of radical processes, the introduction of such inhibitors as hydroquinone and diphenylamine, 
which react chiefly with radicals of the type RO2, may be ineffective, since destruction of free valencies is 
connected with the formation of an identical amount of peroxides, 


Therefore, for prophylaxis of radiation sickness and to retard the development of free-radical processes 
arising after irradiation, it is very important to have available inhibitors capable of destroying radicals of the 
type R", The introduction of such substances destroys free valences formed in the biostructure under the in- 
fluence of radiation; new substances, such as peroxides, harmful to the organism are not formed, and the natural 
tissue inhibitors are preserved, In experiments on the theory of acute radiation sickness under conditions such 
that the natural tissue inhibitors have already been destroyed to a specific extent and there are present oxidizing 
radicals and peroxide compounds, the use of substances of the type of mercamine will be insufficient, 


In therapy, the major role will apparently belong to inhibitors of the radical type, Since the content of 
peroxide compounds is higher in the organs of animals which have been subjected to radiation, it is expedient 


to use in the development of complex therapy substances which destroy peroxides, in addition to radical in- 
hibitors, 
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There has been almost no study of the vinylphosphines, The very considerable investigation and synthesis 
of vinyl derivatives of different elements, which has developed particularly since the discovery by Normant [1] 
of a method for the preparation of vinyl organomagnesium compounds, has extended only to a slight extent to 
phosphorus, Trivinyl- (2, 3] and divinylphenylphosphines [2] were prepared in 1957, but only in low yields, The 
synthesis of vinyldichlorophosphine through divinylmercury (3, 4] and through tetravinyllead [5] was described 
somewhat later, The first representative of the general class of tertiary monovinylphosphines — dimethylvinyl- 
phosphine — was prepared from vinyldichlorophosphine [3], Tertiary vinylphosphine oxides have not been des- 
cribed in the literature up to the present time, 


We have developed a method for the synthesis of tertiary monovinylphosphines and their oxides, The 
starting materials were esters of phosphinous acids [6, 7], which, upon interaction with organomagnesium com- 
pounds in ether or tetrahydrofuran (in the case of vinylmagnesium bromide), exchange the alkoxy group for the 
corresponding vinyl or alkyl radical with the formation of tertiary phosphines: 


RR’POR” + R”MgX RR’PR” + 


The readily available dibutyl ester of vinylphosphinous acid [7] was also used for this same purpose; how- 
ever, replacement of the two alkoxy groups by alkyl radicals did not always occur with satisfactory yield: 


We also carried out the synthesis of divinylphenylphosphine from phenyldichlorophosphine and vinylmag- 
nesium bromide, This compound, which had previously been prepared in ~ 6% yield by a route which was 
essentially the same in principle [2], has been described as a viscous yellow liquid with a b, p, of 55° at 0,5 mm 
(the index of refraction and the density were not given), Using low temperature conditions, we were able to 
prepare divinylphenylphosphine with a yield of 59%, This substance is a mobile colorless liquid which is rela- 
tively stable on storage under an atmosphere of nitrogen, The monovinylphosphines are also comparatively 
stable compounds which do not polymerize during storage or during distillation under an atmosphere of nitrogen, 


Table 1 presents the yields, constants, and analytical data of the tertiary vinylphosphines synthesized, 


Tertiary vinylphosphine oxides were prepared by oxidation of the vinylphosphines, Active manganese 
dioxide was employed as the oxidizing agent, since it has no effect on the double bond, This reagent has 
previously been successfully used for the oxidation of allylic alcohols to unsaturated aldehydes and ketones [8]; 
it has also been used for the conversion of triphenylphosphine to the corresponding oxide [9]. 


1309 


a 

== CHP (OCyHp)2 2RMgX — CH2 = CHPRe + 2CgHgOMgX. 


nitrogen, 


TABLE 1 


Compound 


CH,=CHP(C,H,), 
CH,=CHP(C 


CHy=CHP(C\H 


cH, 


(CH,~CI1),P — C,H, 


TABLE 2 


Compound 


CHy=CHPO(C,H,), 
CH,=CHPO(C,M,), 
CH,y=CHPO(CH,)(C,H,) 
(CH,=CH),P(O)C,H, 


B. p., 
°C (mm) 


68 —69°(23) 

48—49°(2) 

64—65, 5° 
(3,5) 


73—74°(1, 5) 


90—90,5°(13) 
54—55, 4° 
a 


* Prepared from dibutylphosphinous acid butyl ester, 
** Literature value: b, p, 55° (0.5 mm) [2], 


EXPERIMENTAL 


Yield,| B.p., m.p. | 
% |°C(mm) found 
97 | so—89,5°2) | 36—37] 
62 | 
95 | 
88 | 127—-127,0%(2) | 7870] 

120 -190,5°(2) 50—51 


calc. found 


60,0 
63,8 
66,6 
65,1 
67,4 


MR, Cc, % H, 
uv 
el sis 
66,8 2 
1, 4680 | 0,814% [49,22] 48, 166,61 11.0] | 
41,4710 | 0,8210 58,62) 58, gg'g 12,3 18,0 
41,4700 69,8 | 99.7 | 42/9 | 1263] | 18.0 
7,39 72.0 7 12,6 15,4 
14708 | 0,8232 | 67,79}67,20] 72.0 | 72,0 | 126) 12,6] | 45.5 
1.5732 | 0.0741 [50,83 
nh 7 6,9 
1,5832 | 0.9818 | 55,24 


calc, 


Oxidation of the tertiary vinylphosphines with active manganese dioxide was carried out in a medium of 
petroleum ether, generally by heating to 40°; the reaction was exothermic in the initial stage in some cases, 
The oxidation process took place without any side reactions, and the yield of phosphine oxide was almost quant- 
itative in many cases, Tertiary vinylphosphine oxides are colorless hygroscopic crystals, They are readily solu- 


ble in water, and do not polymerize during distillation, The yields, constants, and analyses of these compounds 
are presented in Table 2, 


All operations in the syntheses of the tertiary vinylphosphines were carried out under an atmosphere of 


Dialkylvinylphosphines, To a solution of vinylmagnesium bromide [1], prepared from 0,13 g atom of 
magnesium and 0,13 mole of vinyl bromide in 100 m1 of tetrahydrofuran, was added 0,1 mole of the appropriate 
dialkylphosphinic acid butyl ester [6], and the mixture was stirred for 10 hours at 40°, The tetrahydrofuran was 
removed under vacuum, and 150 ml of benzene and 40 ml of water were added to the residue, The organic 
layer was separated, and the aqueous layer was extracted with benzene (three times with 50 ml portions), The 
combined extract was filtered through a bed of anhydrous sodium sulfate, evaporated under vacuum, and dis- 
tilled, Dibutylvinylphosphine was also prepared by a similar method from 0,04 mole of vinylphosphinic acid 
dibutyl ester [7] and butylmagnesium bromide in ether (0,12 g atom of magnesium, 0,12 mole of butyl bromide, 
and 50 ml of ether), Methylphenylvinylphosphine was similarly synthesized by the interaction of 0.054 mole 


of phenylvinylphosphinous acid butyl ester [7] with methylmagnesium iodide in ether (0,08 g atom of magnesium, 
0,08 mole of methyl iodide, and 100 ml of ether), 


| 
| 
68 
| 
| 
| found | cate 
| 1.6 | | 14,3 
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Divinylphenylphosphine, A solution of 0,1 mole of phenyldichlorophosphine [10] in 20 ml of tetrahydro- 
furan was added, with vigorous stirring, to a solution of vinylmagnesium bromide [1] in tetrahydrofuran (0,22 g 
atom of magnesium, 0,22 mole of vinyl bromide, and 150 ml of tetrahydrofuran) at a temperature of — 40° 
(45°), The mixture was allowed to stand overnight, and further treatment was as described above, 


Tertiary vinylphosphine oxides, A solution of 0,1 mole of the appropriate vinylphosphine in 100 ml of 
dry petroleum ether was stirred with 0,6 mole of active manganese oxide [8] for a period of 5-6 hours at 40°, 
The precipitate was removed by filtration and washed carefully with 200 ml of dry acetone, The solvent was 
evaporated under vacuum, and the residue was distilled, 
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OZONATION OF POTASSIUM HYDROXIDE IN A FLUIDIZED BED 
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It was first shown in 1949 that ozonation of calcined potassium hydroxide at—10 to—15° is accompanied 
by the formation of an orange-colored substance which is soluble in liquid ammonia at -60 and—-170° [1], This 
substance, KO3, was named potassium ozonide, and was added to the new class of higher oxygen compounds — 
the ozonides; that these compounds are chemical individuals was shown later in experimental investigations 
carried out in this field over the past ten years [2-7], 


Inasmuch as the existence of potassium ozonide had been established, it appeared to be of interest to de- 


termine whether it could be formed over a broad temperature interval, and to use not only anhydrous potassium 
hydroxide, but also the hydrated forms, 


The literature contains no information on these points, With this aim, we carried out the synthesis of 
potassium ozonide over the temperature interval of — 65 to +60°, 


C. p, potassium hydroxide, calcined potassium hydroxide (97% KOH and 2,45% K,COg), and uncalcined 
potassium hydroxide (83,48% KOH, 2.24% K,CO3, and 14% HO) were each subjected to ozonation, Ozonation 
was Carried out at temperatures of —65, —53, — 35, — 20, —-10, 0, +10, + 30, +40, +48, + 50, and +57°, 


Since the reaction of ozone with KOH takes place in a heterogeneous medium, the degree of grinding and 
the mixing of the reactants is of considerable significance, 


In order to provide good mixing and to provide for the best possible heat and mass transfer, the so-called 


fluidized-bed method was used; this method presently enjoys widespread application in both industry and the 
laboratory, 


The experiments were carried out in a U-shaped reaction tube, one end of which was fitted with a dust 
collector; this end narrowed down into a cone, and was connected to the ozone-inlet tube, The simple con- 
struction of the apparatus proved to be very satisfactory, and it permitted direct observation of the course of the 
process, That mixing was complete with confirmed visually and by comparison of the flow conditions with the 
hydrodynamic criteria for the establishment of a fluidized bed, The use of the fluidized bed dictated, in turn, 
the use of caustic ground to a particle size of 0,25 mm, The use of finer caustic caused the formation of gas 


"jets" with a sharp decrease in the degree of mixing, Moreover, fine caustic was very easily carried out of the 
reaction zone by the gas stream, 


The aerodynamically most favorable conditions were determined and used in the present work: 35 g of 
KOH with a particle size of 0,25 mm and a flow rate of ozonized oxygen of not less than 100 liters per hour, 
In view of these requirements, a battery of ozonator tubes was used, These were connected in parallel with 
respect to the gas flow, and made it possible to obtain (at 20 kv) not less than 13,5 g of ozone per hour with an 


ozone content of 4-5% by weight at a total gas flow above 200 liters per hour, The ozone—oxygen mixture was 
fed to the reactor at a rate of 200 liters per hour, 
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In the experiments at temperatures of from —20° to +50°, the reactor was placed in a thermostatic bath 
which maintained the desired temperature with a precision of + 0,1°, A mixture of acetone or ethyl alcohol 
with dry ice provided cooling at temperatures below zero (— 20°, —65°), 


Owing to the heat of reaction, in all experiments the temperature in the fluidized bed, which was meas- 
ured with thermocouples, remained 5-6° above the set point of the thermostat, The formation of potassium 
ozonide could be detected within 1-2 minutes after beginning the ozonation, The temperature gradient along 
the height of the fluidized bed did not exceed 1-2°, Samples were periodically collected and analyzed for 
active oxygen content by decomposition with an 0.5% solution of CuSO, and measurement of the evolved oxygen 
potentiometrically, Kinetic curves showing the increase in oxygen content of the samples with time were con- 
structed from the average of the results from two or three series of measurements, and are shown in Fig, 1 for a 
temperature of 30°, for both the calcined and the uncalcined caustic, The nature of the curves obtained at other 
temperatures was similar, The presence in the casutic of about 14% water of hydration decreased the assimila- 


tion of ozone to approximately one-half, Steady state was reached in all experiments not more than 50-60 min 
after beginning the ozonation, 


Figure 2 presents curves characterizing the temperature dependence of the steady-state content of active 
oxygen in the ozonation products (for anhydrous potassium hydroxide and that containing about 14% H,0), These 


curves, which show the maximum yield with respect to oxygen (Fig, 2), have clearly expressed maxima, at +40° 
for the calcined and +50 for the uncalcined caustic, 


A further increase in temperature led to a sharp decrease in oxygen content; at +47 and +58°, the ozona- 
tion products began to decompose violently, and sintering of the particles to a dense mass occurred over the 
entire cross-section in the lower part of the reactor, The ozonized caustic over the sintered mass lightened 


appreciably, and its oxygen content dropped to 0.9-1,0%, The O, content of the sintered material varied from 
0,5 to 0.7% regardless of the caustic used, 


The ozonation products obtained at +40 and +50° were extracted with liquid ammonia and, after evapora- 
tion of the ammonia at — 40°, were analyzed for KO, content, The KO, content of the product extracted from 
the calcined caustic was 93%, while that from the uncalcined caustic was somewhat lower, 91.0%, 


After extraction of the potassium ozonide with ammonia, the caustic remained yellow for 7-8 days, and 
a residual active oxygen content of 0.8% was established potentiometrically, 


Thus, the use of a fluidized bed permits a considerable broadening of the temperature interval over which 
potassium hydroxide, either anhydrous or hydrated, can be ozonized, For practical purposes, a process by which 
potassium hydroxide can be ozonized at temperatures above zero is very significant, 
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The synthesis of polymers from methyl 8 -chlorovinyl ketone [2] has been reported in a previous publica- 
tion[{1], It has been found that these polymers have very interesting electrical and magnetic properties and that 
they are catalytically active in the oxidation and dehydrogenation of alcohols, 


The present work was a continuation of the investigation of the physical properties of these polymers and, 
in particular, of their catalytic activity, The preparation of these polymers was carried out as follows, Upon 
standing for 25 to 30 days, methyl 6-chlorovinyl ketone spontaneously undergoes polycondensation with the 
evolution of hydrogen chloride, This reaction results in the formation of a mixture of polymers to which the 
following formula has been assigned on the basis of the chemical properties [1] and elemental analyses (C, 72.12%; 
H 5.41%; Cl 1.6%): H (—C = CH —),Cl 


COCHs 


The carbon and hydrogen calculated for 


—C=CH are 70,59% and 5,88%, respectively, Prior to ana- 


lysis, the polymer was treated for a prolonged period with boiling glacial acetic acid (for the greatest possible 
removal of hydrogen chloride), The best results were obtained when the polycondensation was carried out in a 
sealed tube, In a poorly sealed tube or when the reactant was diluted with an inert solvent, a large amount of 
cyclic trimer — triacetylbenzene — was obtained, The addition of metal chlorides of the type which are Friedel— 
Crafts catalysts accelerated the polycondensation significantly, The polymer obtained when anhydrous ferric 
chloride was used as the catalyst had the composition: C 70,87; H 5,90; Cl 2.72%, In order to avoid contamina- 
tion of the polymer with metal ions, the polycondensation reaction was accelerated by adding to the freshly 
prepared monomer a small amount of the semi-liquid polymer taken from an open reaction tube, 


Our investigation showed that on prolonged heating under vacuum (12 mm), these polymers change slowly 
(with evolution of water) in the direction of increasing carbon content (Table 1), An aldol condensation appar- 
ently takes place between neighboring acetyl groups within a single chain (I), or there is an interchain poly- 
condensation through the acetyl groups; these two possible reactions may be represented according to the schemes: 


: 
. 
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(II) 


As a matter of fact, both processes apparently take place, since the polymer always contains a certain 
amount of carbonyl oxygen, 


TABLE 1 


Temper- Analytical ,% 
°C /mm Cc H 


300°/12 | 6 
400°/12 | 6 89,35 | 4,45 
700°/12 | 6 94,77 


* Calculated for a polymer of the struc - 


194 

} C 96; H 4 
Fig. 1. Variation of specific 
electrical conductance with 


temperature and activation 
energies calculated from these 


data: I) polymer prepared by The polymers used in the present study of polymer 
FeCl, -catalyzed condensation properties were first heated for 6 hours at 400° and a 

E, =0,8e.v.; Il) polymer pre- pressure of 12 mm, These polymers represented both 
pared by uncatalyzed conden- those prepared with the addition of ferric chloride and 
sation E,, = 0,86 e.v, those prepared without such addition, The catalytic 


properties of these polymers were compared with the 
catalytic properties of natural carbonaceous polymers, 
activated birch charcoal and graphite, The activated charcoal and graphite were carefully washed free of para- 


magnetic impurities with hydrochloric acid, as determined by the value of the specific magnetic susceptibility 
(x ) and its dependence on field intensity after treatment of the samples with hydrogen at 400°C, The e.p.r. 
spectra of the polymers were obtained using an apparatus of the type described in references [3, 4], The mag- 
netic susceptibility was measured by the Faraday method in magnetic fields of from 3000 to 4500 oe, The 
specific surface area was determined for all compounds investigated by argon adsorption at 20°, The a 
conductance of the polymers and its dependence on temperature was investigated in a vacuum apparatus (107° 

to 10% mm Hg) with a quartz cell and nickel electrodes, 


The basic physical characteristics of these polymers and of the activated charcoal and graphite are pre- 
sented in Table 2 and Fig, 1, 


It is apparent from the data of Table 2 that the polymers possessed very low specific surfaces (S) as com- 
pared to the activated charcoal, They also had a relatively high number of unpaired spins, It should be noted 


| | 
(I) 
cH’ C= CH —. 
CHs cH,—¢ 
ll 
CH 
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| 
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TABLE 2 


No, of un- 
paired 


Sample 
spins per 


Polymer pre - 
pared with 
FeCl, 

Polymer pre- 
pared without 
added metal 
ions 0.3 —-0.5 

Activated char- 
coal ~600 —0.4 

Graphite 20.0 —3,0 


* Uncorrected for diamagnetism. 


TABLE 3 


Conversion based on tolu- | M™. Pp. of di- m. p. of ben- 
ene fed, wt, % nitrophenyl- zoic acid,* 
hydrazone ,* °C 

c 


Sample to alde-| to total 


hyde acid 


Toluene space 
Air feed rate, 


Polymer prepared 
with FeCl, 0.7 3.0 3.7 239.2 —240,2 121,0 — 122,0 
Polymer prepared 
without added 
metal ions 1,2 2.0 239,0 —240,0 121.5 — 122.0 
Activated charcoal 0.5 3.9 239,2 —240,0 - 
Graphite 0.5 0.7 239,0 -240,0 121.0 — 122,0 
Blank expt, 0.5 No oxidation 


* Mixtures with known samples showed no depression of the melting point, 


that the e.p.r, signals of these polyers, in contrast to the e,p.r. signal of carbon [5, 6], were completely un- 
changed by the presence of oxygen, and, therefore, the e.p.r, of these polymers can be measured in air, Pump= 
ing of the polymer under vacuum (107° mm at 100° for 6 hours) did not produce any change in the breadth and 
intensity of the signal, 


Figure 1 presents data on the specific electrical conductance (o) and its change with temperature, from 
which the activation energy of conductance (E go) Was calculated (Table 2), Over the temperature interval 
studied (160-350°), these polymers may be semiconductors with a high energy gap of 1.6 e.v, 


The catalytic activity for promoting oxidation of toluene was investigated for the polymers and for the 
activated charcoal and graphite as well, The investigations were carried out at 370-380° in a flow system with 
3,0-5,0 cc of catalyst, Benzoic acid and benzaldehyde were separated from the condensate and the latter was 
identified as the 2,4-dinitrophenylhydrazone, 


Table 3 presents the conditions and results of the investigation of the catalytic properties of the polymers, 
the activated charcoal, and the graphite in the oxidation of toluene to benzaldehyde and benzoic acid, As 
these data show, the polymers catalyzed the oxidation of toluene to a significant extent, In evaluating these 
data, it should be recalled that the oxidation of toluene, which also takes place over oxides of the transition 
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elements of the first long period, is generally carried out under more vigorous conditions [7] (a temperature of 


450-500° and toluene space rates of 0,01-0,06 hr“), and, therefore, the present results are undoubtedly of real 
interest, 


A second important point is that the polymer, with a specific surface area of only about 0,3 nf/g, gave 
the same yield of oxidation products as did the activated charcoal, which had a surface area of 600 m’/ g: i.e., 
the specific activity of the polymer exceeded that of the charcoal by three orders of magnitude, It is still not 
clear with what this significant catalytic activity of the polymer is associated, It is possible that it is due to the 
high concentration of spins on such a small polymer surface, In any case, further parallel studies of the cata- 
lytic and physical properties of similar compounds might answer this question, 


LITERATURE CITED 
A. N, Nesmeyanov, M, I, Rybinskaya, and G, L, Slonimskii, Vysokomolekulyarnye Soedineniya 2, 4, 526 
(1960), 


2. A, N, Nesmeyanov, N, K, Kochetkov, and M, I, Rybinskaya, Izvest, Akad, Nauk SSSR, Otdel, Khim, Nauk 
4, 350 (1950), 


3. L.A, Blyumenfeld’, Izvest, Akad, Nauk SSSR, Otdel, Biol, 3, 285 (1957), 
4, L.A. Blyumenfeld* and A, f, Kalmanson, Biofizika 2, 552 (1957), 


5. N,N, Tikhomirova, N, N, Bubnov, and V, V, Voevodskii, Conference on Physicochemical Catalysis (in 
Russian] (1958), 


6, V.V. Voevodskii and N, N, Tikhomirova, Zhur. Strukt, Khim, 1, No, 1 (1960). 
M. I, Kuznetsov and M, A, Stepanenko, Ukrain, Khim, Zhur, 4, 3, 154 (1929), 


*See C, B, translation, 


| 
1320 
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The fluorine atoms in trifluoromethyl groups usually have no tendency toward heterolytic cleavage, but 
they acquire the ability to undergo such reactions when the C—F bond is conjugated with a carbon-carbon 
double bond [1], 


We have found that the fluorine atoms in the trifluoromethyl groups of a -benzamidohexafluorodimethyl- 
acrylic acid and its derivatives, which may be prepared from 2-phenyl-4-hexafluoroisopropyliden-5-oxazolone 
(2], saponify with unusual ease, When a -benzamidohexafluorodimethylacrylic acid (I) reacts with a saturated 
solution of sodium bicarbonate at room temperature, it is converted into a salt of 1-benzamido-2-trifluoro- 
methylethylene-1,2-dicarboxylic acid (II): 


1) C=C 

2) HCI 

CFs NHCOCgH; HOCO NHCOCgsHs 
(1) (il) 


Esters of a -benzamidohexafluorodimethylacrylic acid (III) behave similarly; however, in this case 
2-phenyl-4-carbalkoxy-5-trifluoromethyl-1,3-oxazin-6-one (V) is formed in addition to acid esters of 1-benz- 
amideo-2-trifluoromethylethylene-1,2-dicarboxylic acid (IV); the formation of this compound is probably a 
result of cyclization of the intermediate acid fluorides (VI), These derivatives of oxazine are also obtained 
during dehydration of the acid esters (IV) by means of ketene: 


CFs COOR 


C=C 
HOCO NHCOC6HIs 


CFs COOR GPs COOR 
C=C C=C 
CFs NHCOCgHs COF NHCOCgH; _| 
(V1) 


< 


a) R = CHs 


6) R= 


CFs COOR 
co N 
O—C 
CoH 
(V) 
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Similar six-membered analogs of oxazolones are known; these are cyclic anhydrides of 8 -benzamido 


acids, Thus, dehydration of 8 -benzamidocrotonic acid under the influence of acetic anhydride yields 2-phenyl- 
4-methyl-1,3-oxazin-6-one [3], 


The interaction of acid esters of 1-benzamido-2-trifluoromethylethylene-1,2-dicarboxylic acid with di- 
azomethane yields the corresponding total esters (VII and VIII), The dimethyl ester VII is also formed by methyla- 
tion of dicarboxylic acid II with diazomethane, and methylethyl ester VIII is formed by the interaction of 2-phenyl- 
4-carbethox y-5-trifluoromethyl-1,3-oxazin-6-one (Vb) with methyl alcohol in the presence of triethylamine: 


\ COOCHs 


\ 
NHCOCe6Hs 


/ 
CFs COOH 7’ NHCOCgH, 
(VI) 


C= 
10 NHCOCgHs 
(i) 


COOC;Hs 


/ \ 4 
NHCOCsH,; CHsOCO NHCOCeH,;, 
(1V6) (VIII) 


Examples demonstrating the ease of saponification of trifluoromethyl groups in a -benzamidohexafluorodi- 
methylacrylic acid and its derivatives are not exhausted by reactions in an alkaline medium, Thus, during an 
attempt to prepare a derivative of the substituted pyruvic acid (IX) from acid (I) by refluxing the latter with 
a hydrochloric acid solution of 2,4-dinitrophenylhydrazine, the 2,4-dinitrophenylhydrazone of a -trifluoromalon- 


aldehydic acid (X) was formed as a consequence of decarboxylation and saponification of one of the trifluoro- 
methyl groups: 


CFa ~CFs CFs 


C=C—COOH — C -=C—COOH = CH —C—COOH |— 
/ / | 
CF; HCOCsHs _ CFs NHNH CFs NNH 
(I) | NO, | NO: 

C 
| 


NO: 
(1X) 


\ 
CH —CH = NNH 
| NO: 
HOCO 
| 
NO; 


(X) 


The exceptional ease of saponification ofthe trifluoromethyl groups in a -benzamidohexafluorodimethyl- 
acrylic acid and its derivatives is obviously explained by conjugation of the C-F bonds not only with a carbon— 
carbon double bond but also with the unshared pair of electrons of the nitrogen atom; these compounds can be 
considered as vinylogs of acylated trifluoroamines: 


CFs COOCH; 
\ 
C=C 
| 
ny, 
CFs COOC;H,; 
/ 
CFs CFs COOGHs = 
: CoHs 
(V6) 
| 
j CFa 
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The high lability of the fluorine atoms in compounds of the latter type is widely known, As an example, 
one may point to the saponification of perfluoroalkylated ureas to ureides of perfluorocarboxylic acids with the 
loss of two fluorine atoms [4]: 


C2FsCF,NHCONHR C,FsCONHCONHR 


EXPERIMENTAL 


1-Benzamido-2-trifluoromethylethylene-1,2-dicarboxylic acid (II), A solution of 2 g of a-benzamido- 
hexafluorodimethylacrylic acid (I) in 50 ml of saturated sodium bicarbonate solution was allowed to stand at 
room temperature for several days; the solution was then acidified with dilute hydrochloric acid to precipitate 
Il, The yield was 1,07 g (58% of theoretical); m, p, 167-168° (with decomposition; from dichloroethane), 


Found %: C 47,65, 47,04; H 2,70, 2,87; F 19,03, 19,65, CyHgFs05N. Calculated %: C 47,53; H 2.66; 
F 18.80, 


Monomethyl ester of 1-benzamido-2-trifluoromethylethylene -1,2-dicarboxylic acid (IVa) and 2-phenyl- 
4-carbomethoxy-5-trifluoromethyl-1,3-oxazin-6-one (Va). The methyl ester of a-benzamidohexa fluorodi- 
methylacrylic acid (Ila) in an amount of 2.7 g was treated with an excess of a saturated solution of sodium 
bicarbonate; the mixture was allowed to stand at room temperature for 3 days with vigorous trituration from 
time to time, The solid material was removed by filtration, and was recrystallized from heptane, There was 
obtained 0,15 g (6.3% of theoretical) of Va, m.p, 157—158.5°. 


Found %; C 51,85; 52,27; H 2,63, 2,80; F 19,18, 19,35; N 4.47, 4.69, CygHgF,0,N. Calculated %: C 52,18; 
H 2.69; F 19,05; N 4,68, 


Acidification of the bicarbonate filtrate precipitated 0,5 g (20% of theoretical) of IVa, m, p, 146-148° 
(with decomposition; from toluene), 


Found %: C 49,60, 49.67; H 3,01, 3.37; F 17,37, 18,35; N 4,53, 4,74, CygHjoFgOsN. Calculated %: C 
49,22; H 3,18; F 17.97; N 4,42, 


The [Va was converted to Va by treatment with ketene in ether solution, 


Monoethyl ester of 1-benzamido-2-trifluoromethylethylene-1,2-dicarboxylic acid (IVb) and 2-phenyl- 
4-carbethox y-5-trifluoromethyl-1,3-oxazin-6-one (Vb), IVb and Vb were prepared from the ethyl ester of 
a -benzamidohexafluorodimethylacrylic acid (IIb) in a manner similar to that used for the preparation of the 
methyl esters, The yield of IVb was 6,9% of theoretical, m, p, 131-132° (with decomposition; from a benzene- 
heptane mixture), 


Found %: C 50,35; H 3,68; F 16,37; N 4,34, CygHF,0;N. Calculated %: C 50,76; H 3.65; F 17.21; N 4,23, 
The yield of Vb was 36,4% of theoretical, m, p, 148,5-150° (from heptane), 


Found %: C 54,04, 54,24; H 3,33, 3,39; F 18,71, 18.53, CygHyoF304N. Calculated %: C 53,68; H 3.22; 
F 18,20, 


Dimethyl ester of 1-benzamido-2-trifluoromethylethylene-1,2-dicarboxylic acid (VI), VII was prepared 
in the usual manner by treatment of 1-benzamido-2-trifluoromethylethylene-1,2-dicarboxylic acid (II) or its 
methyl ester (IVa) with an equivalent amount of diazomethane in ether solution, M. p. 109-111° (from hexane), 


Found %: C 50,94, 50,90; H 3,76, 3,80; F 16,65, 17.15, CygHyF,0;N. Calculated %: C 50,76; H 3,65; 
F 17,21, 


Methylethyl ester of 1-benzamido-2-trifluoromethylethylene-1,2-dicarboxylic acid (VIII), A solution of 
0.4 g of 2-phenyl-4-carbethox y-5-trifluoromethyl-1 ,3-oxazin-6-one (Vb), 0,09 g of methanol, and 3 drops of 
triethylamine in 20 ml of benzene was allowed to stand at room temperature for several days, The solvent was 
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distilled, and the residue was washed with sodium bicarbonate solution and with water, There was obtained 
0.4 g (91% of theoretical) of VIII, m, p, 107-107,5° (from heptane), 


Found %: C 52,28, 52,32; H 4,00, 4,07; F 17.43, 16,89, CysHyF,0,N. Calculated %: C 52,16; H 4.09; 
F 16,50, 


VIII was also prepared from IVb by treatment with diazomethane in ether solution, 


2,4-Dinitrophenylhydrazone of a -trifluoromethylmalonaldehydic acid (X), An 0,5 g sample of a -benz- 
amidohexafluorodimethylacrylic acid (I) was refluxed with an excess of 2,4-dinitrophenylhydrazine in hydro- 
chloric acid solution for 1 hour, The precipitate was filtered off and recrystallized from dichloroethane, There 
was obtained 0,34 g (66% of theoretical) of X, m. p. 200-201°, 


Found %: C 35,62; H 1,86; F 18,21; N16.74, CypHFyOgN,. Calculated %: C 35,71; H 2,08; F 16,96; 
N 16,66, 
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In recent years, fractional crystallization, adsorption chromatography, countercurrent distribution, and 


spectrophotometry have been employed to investigate the glyceride composition of natural fats and oils, and 
general rules concerning the distribution of glycerides in different fats and oils have evolved [1, 2], 


(15) (4) ly 
Vs 0a, 
Vy RY 
OH OH OH 
= 
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Fig.* Numbers in parentheses correspond to the 
glyceride numbers in Table 1, * * The symbols 
denote the acid residues; S—stearic, O—oleic, 

L~linoleic, Ln—linolenic, 


It has been shown [2-6] that the glycerides in 
linseed oil contain linolenic, oleic, linoleic, palmitic, 
and stearic acid residues and that the composition of 
the glycerides varies depending on conditions, climate, 
soil, and the method by which the oil was separated, 
Moreover, the experimental dataon the composition 
of the oil have closely agreed with values calculated 
for the glyceride composition of linseed oil on the 
basis of Kartha's distribution theory [2, 5], However, 
one cannot determine by means of this theory the 
possible positions of the saturated and unsaturated 
residues in the triglycerides [7, 8]. 


In an investigation of the structure of the tri- 
glycerides in linseed oil, we synthesized a series of 
triglycerides of known composition and studied their 
physicochemical properties in order to establish more 
accurately the composition of the triglycerides occur- 
ring in linseed oil, The study of the physiological 
properties of the individual triglycerides is also of 
interest [9], 


The triglycerides synthesized in the present work 
are indicated in the figure, 


No triglycerides containing fewer than four 
double bonds were synthesized in view of the fact 


that they are present in linseed oil only in insignificant amounts; they have not been isolated in any appreci- 
able amount in investigations of the glyceride composition of linseed oil, We used the stearyl radical as the 


saturated acid residue, 
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Starting with isopropylideneglycerol, we prepared four monoglycerides: a -monostearin, & -monoolein, 
a -monolinolein, and a-monolinolenin (10, 11], Ensuing synthesis stages were varied depending on the relative 
disposition of the acyl radicals in the triglyceride being prepared, 


Symmetrical triglycerides: trilinolein (LLL) and trilinolenin (LnLnLn) were synthesized by the action of 
the anhydride of the corresponding acid on the monoglyceride in chloroform in the presence of an organic base 
(quinoline, pyridine), 


Two acid residues were introduced into the monoglyceride in a similar manner to obtain unsymmetrical 
diacid triglycerides: & -stearoly- '-dilinolein (SLI); &-stearoyl- 8 ,a*-dilinolenin (SLnLn); & -oleoyl- *- 
dilinolein (OLL); &-oleoyl- ,«*-dilinolenin (OLnLn); & -linoleoyl- 6 ,«*-diolein (LOO); a -linoleoyl- B 
dilinolenin (LLnLn); &-linolenoyl- 8 ,«*-diolein (LnOO); & -linolenoyl- 6 ,«*-dilinein (LNLL), 


The differing reactivities of the primary and secondary hydroxyl groups of monoglycerides was utilized 
in preparing the symmetrical diacid and the mixed triglycerides, The a'*-hydroxyl group is the predominant 
reaction center when acid anhydrides react with «-monoglycerides at a temperature of 15-20° in the presence 
of an organic base (quinoline, pyridine), The following diglycerides were prepared; a ~*-diolein [11]; a ,a*- 
dilinolein [10]; « *-dilinolenin [10]; -stearoyl-c *-olein [11]; «-stearoyl-« *-linolein [10]; «-stearoyl-a *- 
linolenin; & -oleoyl-a *-linolein; -oleoyl-c '-linolenin [12]; «-linoleoyl-o *-linolenin [13], 


The 8-hydroxyl group of diglycerides reacts with acid anhydrides at 40-50° in the presence of a base, 
This route was used to prepare the symmetrical diacid triglycerides; a ,«*-dioleoyl-6-linolein (OLO); & ,a*- 
dioleoyl-8-linolenin (OLNO); & '-dilinoleoyl-8 -stearin (LSL);  '-dilinoleoyl-8 -olein (LOL); '-di- 
linoleoyl-8 -linolenin (LLnL); &  '-dilinolenoyl-6-stearin (LnSLn); '-dilinolenoyl-6-olein (LNOLn); 
dilinenoyl-8 -linolein (LnLLn), 


The mixed triglycerides were prepared similarly: « -stearoyl- 6-linolenoyl-o *-olein (SLnO); & -stearoyl- 


B -linolen oyl-a" c’-linolein (SLnL); &-stearoyl-B -oleoyl-a'-linolenin (SOLn); a-stearoyl-B -linoleoyl-«' -linolenin 


(SLLn); «-olcoy1-8 -linolenoyl-«'-linolein (OLnL); «-ocleoyl-f -stearoyl-«'-linolenin (OSLn); «-oleoyl-B -lino- 


leoyl-a'-linolenin (OLLn); &-linoleoyl-8 -stearoyl-«'-linolenin (LSLn); «-linoleoyl-B -oleoyl-«'-linolenin (LOLn). 


The physicochemical constants of these triglycerides are presented in Table 1, The purity and structure 
of the triglycerides were established by means of paper chromatography [14] and spectroscopy, In certain cases, 
these results were confirmed by alternate synthesis starting with benzylideneglycerol, 
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THE STRUCTURE OF DITOLUENECHROMIUM IODIDE 
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The present work was devoted to a study of the structure of ditoluenechromium iodide,* This substance 
crystallizes in the space group J2/m, The unit cell constants are: a = 7,94 + 0,08; b = 6,77 + 0,07; c = 12,55 + 
+ 0,10 A; B = 104° 22° + 10°; the number of molecules in the unit cell, N, is two, The measured density is 1.7, 
and the calculated value is 1.83 g/cc, The cations and anions are located in special positions, which were de- 
termined from the Patterson series; the coordinates of the iodine atom are 004, and those of the chromium are 
000, In the crystalline state, the ditoluenechromium cation has the symmetry 2/m, which immediately deter- 


mines the general characteristics of the cation configuration: prismatic with the methyl groups located in trans 
positions (Fig, 1), 


Since the positions of the “heavy” atoms (iodine and chromium) are fixed and, moreover, since the plane 
in which the atoms of the methyl group and two atoms of the six-membered ring are located is known from 
considerations of the symmetry of the cation, we were led to construct a section of the difference series of the 
electron density in the x0z plane, The positions of the Cy, Cy and Cy atoms were found from this section (Fig, 2), 
Sections of the difference series were then constructed for several planes parallel to the x0z plane at distances 
(y coordinate) close to those theoretically required by the position of the C, and C; atoms, As a result, we were 
able to determine the coordinates of all carbon atoms; these are presented in Table 1, 


Figure 1 shows the configuration of the ditoluenechromium cation with the indicated interatomic distances, 
The accuracy in this investigation was + 0,01 A for the C—Cr distance and + 0,03 A for the C—C distances, The 
Cr-C distance in the cation (2,08 A) agrees, within the limits of experimental error, with similar distance in 
dicyclopentadienylchromium (2,09 + 0,03 A) [1] and dibenzenechromium (2,19 + 0,1 A) [2], In addition, this 


distance, as is usual in sandwich compounds, is close to the sum of the covalent atomic radii of chromium and 
carbon (2,04 + 0,05 A) [3], 


As is apparent from the present work, in the transition from the uncharged "sandwich" to the cation, the 
length of the metal—carbon bond, i,e., the type of bond, remains practically unchanged, In fact, at the present 
time, the ditoluenechromium cation can be compared only with dicyclopentadienylchromium, since owing to 
strong torsional vibrations of the six-membered rings the bond lengths in dibenzenechromium were found by 
comparison; i,e,, they are very approximate, 


Unfortunately, owing to the high degree of anisotropy of the thermal vibrations of the atoms, the accuracy 
of the determination of the carbon—carbon lengths (+ 0,03 A) is apparently less than the possible differences in 
the lengths of the individual bonds in the carbon ring, The average C—C bond length in the ring (1,42 A) agrees 
with the length of this same bond in ferrocene ( 1.405 + 0,045 A) [4] and ruthenocene (1,43 + 0,02 A) [5] and is 
somewhat greater than the bond length in benzene (1,38 A) [6], The length of the Cy) —C, bond (between the 
carbon atom of the methyl group and the ring atom to which it is bonded) is 1,49 A, which is somewhat less 


* The crystals of ditoluenechromium iodide were kindly presented to us by our own colleague V, M, Chibrikin 
of the Institute of Chemical Physics, 
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TABLE 


Coordinates of the Symmetrically Independent Atoms* 


Relative coordinates Coordinates, A 


* The coordinates of the hydrogen atoms were obtained on the assumption 
that they are located on a straight line joining the center of the six-mem- 


bered ring with the corresponding carbon atom and at a distance of 1,08 A 
from the latter, 


than the length of a single bond in aromatic compounds 
(about 1,52 A), This change may possibly be explained 
on the basis that in the formation of “sandwich-type” 
bonds the ™ -electrons of the aromatic ring are drawn 
toward the central metal atom (this is strengthened in 
the case of the ditoluenechromium cation owing to the 
positive charge on the chromium atom), In turn, this 
partial removal of electrons from the six-membered 
ring should cause some shifting of the electrons of the 
methyl group toward the ring: 


Fig, 1, Structure of the (CHgCgHs)2Cr* cation, 

The CHg...Cj distance is given in parentheses uA. 

for the ideal location of the CHg group in the 

plane of the six-membered ring, 


This effect appears as a certain decrease in the 
C-—C bond order in the six-membered ring (and, there- 


fore, as a certain lengthening of these bonds as compared 
to the bonds in benzene) and as an increase in the order of the C—C bond between the carbon of the methyl 


group and the aromatic ring (i,e., as a decrease in the length of this bond), Such an electron shift should also 


decrease somewhat the positive charge on the chromium atom and cause the appearance of an effective positive 
charge on the organic portion of the cation, 


As may be seen from Fig, 1, the CHg group extends out from the plane of the carbon ring, This is appar- 
ently explained by the distance from the methyl group to the atom of the other carbon ring closest to it,Cj, 
which is too small (3,5 A instead of the equilibrium distance of 3,8 A [(3]), A compromise is probably accom- 


plished between certain “compressed” atoms; i,e., there is a shortening of the CHg...Cj distance by 3,8-3.5 = 
= 0,3 A and a distortion of the valence angle of the C, carbon by 4°, 


Figure 3 shows a projection of the structure of ditoluenechromium iodide on the ac plane with the shortest 
intermolecular (more accurately, interionic) distances indicated, As has been shown for the case of diphenyl- 
iodonium fluoroborate, [(CgHs)gI]* (BF,}° [7], intermolecular radii retain their usual values in ionic structures 


: I 0 0 \Jo 0 0 6,275 

Cr 0 0 0 0 0 0 

Cy (CHs3) —0, 243, 0 0,1829 |—1,936 0 2,284 

Cy —0,0766 0 0,147, |—0,60, 0 1,85, 

CG 0,005 9 0,181, 0,135.4 0,04, 1,22, 1,69, 

Cs 0,170. 0,181, 0,110, 1,356 1,228 1,386 
Cy 0,2535 0 0,098 2,01, 0 1,235 
Hg —0,0569 0,3195 0,1447 |—0,452 2,163 1,816 
Hs 0, 2336 0,3195 | 0,1010 1,855 2,163 1,268 

H, 0,3789 0 0,0791 3,008 0 0,993 
lag 
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Fig. 2, Section of the difference series in the x0z plane (I and 
Cr atoms deducteu), Lines of equal density are drawn every 
0.5 el/A® beginning with 0,5el/ A’. 


Fig. 3, Projection of the ditoluenechromium structure on the ac plane 
(distances are indicated in A), Shaded ions are in the x0z layer; light 
ions are in the lower x2z layer, 


with large organic ions, Therefore, it is not particularly astonishing that the usual values of intermolecular radii 
occur also in ditoluenechromium iodide (carbon, 1,77+ 0,05; hydrogen, 1.19 + 0,09; iodine, 2,03 + 0,15; methyl 


group, 1,98 + 0,08 A), although in both of these cases the distances are more properly described as interionic, 
Not intermolecular, 


The structure is formed of infinite dense layers in the x0z, x2z, x1z.., planes, The layers are not of 
maximum density; they contain voids in the positions x = },z = 0 andx=4,z=4, The voids are above and 
below the ions of the upper and lower layers, 


Superposition of the layers proceeds with maximum density, The packing coefficient, 0,73, indicates high 
packing density, which is reflected in the higher coordination numbers; each anion is surrounded by six cations, 
and each cation is surrounded by six anions and ten cations, 
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A basic feature of the crystal structure is the extremely simple type of packing of the fons, This structure 
is a heteroorganic analog of the NaCl structure, As in the latter, the ions of one charge are very symmetrically 
surrounded by differently charged ions with a coordination number of six, Moreover, the iodine ions surrounding 
a given cation (and, on the contrary, the centers of the cations surrounding a given fodide ion) are disposed at the 
apices of only slightly distorted octahedra, These structural features of ditoluene iodide, which sharply distin- 
guish this structure from that of the majority of other ionic organic compounds (for example, salts of amines or 


carboxylic acid ), may be explained by the high symmetry of the (CH,CgHs)2Cr’ cation and apparently by the 
approximation of the form of its force field to a sphere, 


It might be expected that other ionic ™ complexes would be characterized by a simple type of ionic pack- 
ing owing to the high degree of symmetry of sandwich cations, This is confirmed by the results of our investiga- 
tion of the structure of titanocene dichloride, [(CsHs)2Ti)**Clz. The crystals of this compound belong to the 
space group 12/n and are monoclinic; the unit cell constants are a = 14,17 + 0,04; b = 6,5 + 0,02; c = 12,39 + 
+ 0,06 A; 8= 115+ 1°; N=4, The great similarity of this structure to that of ditoluenechromium iodide merits 
attention; the (CsHs),TiCl, cell differs from the (CHgCgHs)2Crl cell, roughly speaking, only by a doubling of 
the period a and the number of molecules, while the remaining parameters and the mode of centering are re- 
tained, This structure is the heteroorganic analog of the typical ionic inorganic layered structure of CdCl». 

This example once more confirms the far-reaching crystallochemical analogy between ionic inorganic struc- 


tures and ionic heteroorganic structures with ions having spherical symmetry (in particular, sandwich ™ com- 
plexes), 


In conclusion, the authors acknowledge their deep appreciation to Prof, A. L, Kitaigorodskii for his interest 
during the course of the work, 
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s 


Numerous investigators, particularly Freudenberg, Hess and others, have denied the existence of a chemical 
bond between lignin and cellulose in plant tissue, In essence, they have supported the hypothesis, proposed for 
the first time with the separation of cellulose by Payen, that cellulose is not chemically bonded with the asso- 
ciated material; the different components making up the composition of the wood complex are only mechani- 
cally interspersed during growth of the plant tissue, Some investigators have maintained that cellulose is chemi- 
cally combined with noncellulosic material in the plant tissue by ester type linkages, P, P. Shorygin suggested 
that even if the lignin is not chemically combined with cellulose, the bond with cellulose is nevertheless, a 
stable one, since the reactivity of lignin-containing cellulose is, in many cases, very low as compared to that of 
pure cellulose, However, Shorygin assumed the existence of bonds of the type found in the mutual adsorption 

of colloid gels, which also differ considerably in stability and in many cases are distinguished from a genuine 
chemical bond only by the absence of precise stoichiometric ratios [1], 


The present communication reports the results of experiments carried out with the aim of determining the 
existence of bonds between the individual components of the wood complex and also of clarifying the separate 
processes occurring during alkaline digestion of cellulose, With this aim, experiments were carried out using 
NaOD in the separation of cellulose from certain samples of lignin-containing plant materials; experiments were 
also carried out on the use of this same NaOD solution in the digestion of cotton cellulose, which was selected 
since it is the purest material, containing 99,8% cellulose, 


The NaOD solution was prepared from heavy water and sodium peroxide according to the reaction: 


Na,0, + 2D,0 + 2NaOD +D,0, 


The deuterium peroxide was decomposed by prolonged (24 hours) refluxing in a flask, Digestion of the 
cellulose was carried out in a steel autoclave with a 12,06% solution of NaOD in heavy water, Samples of pine 
woods of different ages were dried over P20, and subjected to delignification, The samples used were June shoots, 
mature wood one hundred years old, thousand-year-old and interglacial fossil wood, and flax sheaves [2]. The 
ratio of cellulosic material to solution was 1: 6, t = 160°, and the digestion time was 5 hours and 40 min includ- 
ing the time required to raise the temperature of the solution, After the digestion, the alkaline solution was 
pressed from the separated cellulose, and the heavy water was distilled, Distillation of the heavy water was 
carried out in a somewhat modified apparatus of the type described in reference [3], The distillate was oxidized 
twice with KMNO, to remove the organic material and was then distilled twice more, 
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TABLE 
Yield of |} Density of | Theor, deuter- | D,O exchanging with 
cellu- | distillate, | ium conc., 100 g wood (cellulose) 
Sample 20 
lose, % | d35 mole % g 
Original digestion 
solution - 1.10773 100, 484 
June pine shoots 20,55 1,10139 94,460 32.61 
Mature pine wood 31.10 1,10178 94,825 30,63 
Fossil pine wood from 
peat bed 24,81 1.10486 97,605 12,14 
Fossil wood from in- 
terglacial peat bed 11,20 1,10253 95,527 27,42 
Flax sheave 46,0 1,10143 94,498 33.39 
Cotton cellulose, 
"ts" grade 1,10190 94,938 32,8 


Isotope analysis of the distillate was carried out pycnometrically using a precision glass pycnometer; the 
method has been described by I, Kirshenbaum [4], The isotope composition of the distillates was calculated by 
the method described in reference [3], The results of the investigation of the isotope composition of the dis- 
tillates and the yields of deuteriocellulose are presented in the table, 


As may be seen from the table, a certain fraction of the OH groups in the wood complex entered into an 
isotope exchange reaction and were replaced by OD groups during the alkaline digestion of the cellulose, 


The data of the table also show that the amount of D,O which interacted with the components of the wood 
during digestion of the wood cellulose was greatest for the young wood, That the amount of D,O exchanging 
was least for the fossil wood from the peat bed can apparently be explained by the presence of a significant 
amount of resin (17%) in this sample [5], The amount of OH groups participating in the reactions during diges- 
tion of the cellulose depended on the origin of the wood complex and also, probably, on the age, chemical com- 
position, and structure of the latter, 


The deuteriocellulose was investigated by infrared spectroscopy, The cellulose samples were stored (for 
a long period) in a vacuum desiccator over P2Os. Preparation of the semitransparent films for analysis was by 
the method described in reference [6] and was carried out under dry conditions, The films were also stored for 
a prolonged period under vacuum over P,Os prior to investigation, The spectra were obtained using a special 
cell, and at no time were the samples exposed to the atmosphere, 


A UR-10 recording spectrophotometer was used to obtain the spectra, The measurements were carried out 
in three regions: 3600-2100 cm™ (LiF prism), 2000-700 cm! (NaCl prism), aud 700-400 cm™ (KBr prism), 


The figure shows the spectrum of the deuteriocellulose obtained from mature pine wood (sample 1), the 
spectrum of the cellulose obtained by digestion with 12% NaOH(sample 2), and the spectrum of cotton cellulose 
treated with a 12% solution of NaOD under the conditions used for digesting cellulose from the wood (sample 3), 


It is apparent from the figure that the spectra of all samples investigated were characterized by the pres- 
ence of an intense band in the OH group region, 3600-3100 cm, The spectra of samples 1 and 3 were charac- 
terized by a band due to the OD group in the 2600-2400 cm™ region, but this was less intense, The OD group 
was present in sample 3 as a result of direct isotope exchange, and the band had a well-expressed structure, 
which is apparently characteristic of OD groups in the three possible positions, A similar structure was not ob- 
served in the spectrum of sample 1, which indicates a different mechanism for the formation of OD groups, 


The spectra of the cellulose obtained by digestion with a 12% solution of NaOD in D,O (sample 1) were 
characterized by disappearance of the band at 1320 cm™ and by a significant decrease in the intensity of the 
band at 1340 cm! as compared to the spectra of the cellulose obtained by digestion with a 12% solution of 
NaOH in H,O (sample 2), It was established in the work reported [7,8] that the bands at 1370, 1340, and 1320 
cm™ in the spectra of cellulose are associated with deformation vibrations of the primary hydroxyls of the various 
rotational isomers, Therefore, the differences observed in this region of the spectrum on changing from the 
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Fig, Spectra of cellulose obtained by digestion with a 12% solution of NaOD in 
D,O (1) and NaOH in H,O (2) and of cotton cellulose treated with a 12% solu- 
tion of NaOD in D,O under digestion conditions (3), 


second sample to the first must be associated with the formation of OD groups at the sixth carbon atom, This 
cannot be due only to isotope exchange, 


Indeed, the spectra of cotton cellulose subjected to alkaline treatment under conditions of deuterium 
digestion and wood cellulose obtained by ordinary sodium hydroxide were practically identical in the region of 
1300-1400 cm™, and they differed sharply from the spectrum of wood cellulose obtained by deuterium digestion, 
The difference in the spectra is readily explained if it is assumed that in the wood complex there are chemical 
bonds between the cellulose and the associated material at the sixth carbon atom of a certain fraction of the 
units of the cellulose macromolecule, During digestion of the wood cellulose with NaOD, OD groups were formed 
not only by isotope exchange, but also by rupture of the chemical bond, The spectrum of the flax cellulose ob- 
tained by digestion with NaOD approximated the spectrum of sample 1, This indicates that the cellulose in the 


structure of the flax fiber is not free, but is to some extent chemically bonded with the components of the plant 
tissue, 


The possibility that such bonds also occur in other locations cannot be excluded, At the same time, the 
major fraction of the hydroxyl groups in the cellulose macromolecules of the wood complex were not bonded 
with the associated material, as confirmed by the presence of a very intense OH band in the spectrum of sample 1, 
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In a study of the behavior of cyclic polymethylenes with average size rings under catalytic dehydrocycliza- 
tion conditions over platinized carbon at 300-310°, we were able to show that platinum catalyzes conversions 
which are different from those observed by Prelog and co-workers in their study of the catalytic conversion of 
these hydrocarbons in the presence of palladinized carbon at 400° [1], 


Cyclooctane is converted over platinum chiefly to cis-bicyclo-(0,3,3)octane [2], Prelog did not investigate 
the behavior of cyclooctane in the presence of palladium, Cyclodecane undergoes direct hydrogenolysis over 
platinized carbon with the formation of n-decane; C,-dehydrocyclization, with the formation of perhydroazul- 
ene, and Cg-dehydrocyclization, which leads to the formation of trans-decalin and naphthalene, also occur [3], 
The direct hydrogenolysis of the ten-membered ring merits attention, since up to the present time only three-, 
four-, and five-carbon cycloalkanes have been known to undergo direct ring opening in the presence of platinum, 


The conversion of cyclononane under the same experimental conditions therefore appeared to be of in- 
terest, Cyclononane was synthesized for this purpose, and was passed over platinized carbon at 300°, The liquid 
catalyzate was fractionated into a number of narrow cuts in a highly efficient column, and these fractions were 
studied by spectroscopic and chemical methods, 


The experimental data showed that most of the cyclononane charged to the catalyst was converted (about 
96%), About 68% indan, about 22% 1-methyl-2-ethylbenzene, about 2% n-propylbenzene, and about 7% 
n-nonane were found in the reaction products, The formation of indane as the major product of the catalytic 
conversion of cyclononane over platinized carbon can be explained by catalytic dehydrocyclization of the cyclo- 
nonane to hydroindan, which then is further dehydrogenated to indan under the experimental conditions em- 
ployed, That a new bond can be formed inside the ten-membered ring between the first and fifth carbon atoms 
is apparently due to the steric disposition of the carbon atoms in the cyclononane molecule, The 1-methyl-2- 
ethylbenzene and n-propylbenzene found in the catalyzate were formed as a result of the further conversion of 
indan, It is known [4] that both indan and hydroindan —_underge hydrogenolysis of the five-membered ring and 
are converted thereby to 1-methyl-2-ethylbenzene when they are passed over platinized carbon at 330°, The 
presence of a certain amount of n-propylbenzene in the catalyzate indicates that hydrogenolysis of the five- 
membered ring in indan can occur not only at the carbon-carbon bond one carbon atom removed from the 
benzene ring but also at the bond adajcent the benzene ring, although to a lesser extent, That n-nonane was 
found in the catalyzate indicates that cyclononane, like cyclodecane, can undergo direct rupture of a carbon- 
carbon bond in the presence of a platinum catalyst, 


Thus, two basic processes occur during catalytic conversion of cyclononane over platinum: first, the cyclo- 
nonane is dehydrocyclized tohydroindan, which dehydrogenates under the experimental conditions to indan 
second, direct hydrogenolysis of the ten-membered ring takes place with the formation of n-nonane, 
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The catalytic conversions of cyclononane take place according to: 


ll He CHg 
i 2 
Ho 8 
§ 
6 


EXPERIMENTAL 
1, Synthesis of the cyclononane was carried out according to the scheme: 


4 CH 
(CH, — (CH,);| (CH); 


2-Hydroxycyclononaneone, The reaction of axelaic acid and absolute methanol gave the dimethyl ester 


in a yield of 78,8% of theoretical; b, p, 149-150,5° (16 mm); ¢% 1.0079; °D 1,4370, Literature values [5): 
b, p. 142-150° (10 mm); °D 1,4350-1,4363, 


Cyclization of the dimethyl ester was carried out in an atmosphere of dry nitrogen freed of traces of oxy- 
gen, The reaction mixture was vigorously stirred with a mechanical stirrer (capable of up to 7000 rpm), The 
reaction mixture consisted of 139 g (0.64 mole) of the dimethyl ester in 80 ml of dry xylene and 60 g of metal- 

lic sodium in 1400 ml of xylene, The reaction was carried out at 130-135° for 10 hours, 


There was obtained 41,6 g of 2-hydroxycyclononanone with a b, p, of 88-92° (6 mm); the yield was 41.6% 


of theoretical, Recrystallization from ligroin gave light yellow crystals of the ketoalcohol with an m, p. of 42°, 
Literature values [6]: b, p, 110-124° (12 mm); m, p. 43°, 


Cyclononanone, To 40 g (0,25 mole) of 2-hydroxycyclononanone dissolved in 100 ml of CHyCOOH was 
added, with stirring, 100 g of zinc dust and 100 ml of c,p, concentrated HCl, The reaction mixture was heated 
to 100-105°, and three 100 ml portions of HCl were added at half-hour intervals, The mixture was cooled, di- 
luted highly with a saturated solution of NaCl, and extracted with ether, The ether solution was washed and 
then dried with magnesium sulfate, The ether was distilled, and the reduction product was distilled under 
vacuum, There was obtained 26 g of cyclononanone with a b, p, of 77-78° (7 mm); m. p, 34,5-35,0°, The 
yield was 74,3% of theoretical, The literature [6] reports a b, p. of 92-95° (12 mm), 


Cyclononane, From 140 g (1 mole) of cyclononanone and 166,9 g (3 mole) of 90% hydrazine hydrate in 
280 ml of ethyl alcohol was obtained 153,6 g of cyclononanone hydrazone, The yield was 99.7% of theoretical, 
Decomposition of the hydrazone was carried out at 200-210° in a diethylene glycol medium in the presence of 
KOH, The hydrocarbon was chromatographed on silica gel and was distilled in a column of 80 theoretical plates, 
There was obtained 95,5 g of cyclononane, The yield was 75% of theoretical, The cyclononane had a b, p. 
of 68,5° (20 mm); n°°D 1.4665; #°, 0.8499, It crystallized at 10,1°, The purity was 99,7 mole %, Literature 
values [7]: b, p. 178,44 (760 mm); 1.46663; 0.8502, 


2, Catalytic conversion of cyclononane, The cyclononane, 163,8 g, was passed over 5% platinized carbon 
(without a carrier gas) at a space rate of 0,2, There was obtained 150,6 g of liquid catalyzate, °D 1,5150 and 
96,670 ml of gas, Analysis of the gas showed that it consisted only of hydrogen, 


Investigation of the liquid catalyzate, The catalyzate was distilled in a column having an efficiency of 
80 theoretical plates, Results of the distillation are presented in Table 1 and Fig, 1. 


The first, second, and third fractions were combined and chromatographed on silica gel; this gave 8.1 g 
of dearomatized material with m°D 1,4165, Treatment of this material with a methanol solution of urea gave 
a crystalline complex, which was decomposed with distilled water, The hydrocarbon layer was separated, dried, 
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TABLE 1 


Content of 

‘6 | Boiling range fraction Ps a° 
at 752 mm D ‘ 

1 134,5—150,0 3,9 2,6 14,4250 0,7209 
2 150,0—152.14 32 41,4270 0,7228 
3 452,1—159,0 2,6 1,8 1,4460 0,7340 
4 159 ,.0—163.5 9,9 6,6 1,4910 0, 8649 
5 163,5—169,5 26,9 18,1 41,5020 0,8798 
6 169 ,5—174,5 6,3 4,2 1,5030 0, 8981 
7 174 ,5—177,5 87,4 58,7 1,5386 0,9635 
8 Residue 8,6 5,8 1,5395 | 0,9646 

Total... . | 148,8 | 


TABLE 2 


Hydrocarbons present in Fraction No, 4 |Fraction No, 5] Fraction No, 6 | Fraction No, 7 | Residue, wt, 
the fractions wt. % wt, % wt. % wt, % py 


n-Propylbenzene 15 5 


1-Methyl-2-ethylbenzene 15 15 50 + es 
Indan 3 15 30 95 100 
Cyclononane 20 5 


Paraffins, monocyclic 
naphthenes 


and distilled, There was obtained 5,2 g of a hydrocarbon 


¢ with a b, p. of 150-151° (757 mm); 1.4058; 
160 0.7175, A comparison of the constants of this hydrocarbon 
= with the literature values of n-nonane showed that it was 
170 } very pure n-nonane, Literature values for n-nonane [8]: 
b, p. 150,798° (760 mm); 1.40542; 0.71763, 
160 Fourth fraction (b, p, 159,0-163,.5°), Oxidation of 
a small amount of this fraction with an aqueous solution 
Se oe of potassium permanganate [9] gave benzoic and o-ph- 
thalic acids, On the basis of the constants of the fourth 
fraction and the analytical results, it may be concluded 
as that this fraction consisted chiefly of n-propylbenzene 
and 1-methyl-2-ethylbenzene, 
130 


20 40 60 8 s100vV0l. % Oxidation of the fifth fraction (b, p, 163,5-169,5°) 
gave o-phthalic acid, Upon consideration of the oxida- 
tion results and of the constants of this fraction, it is 
evident that it consisted chiefly of 1-methyl-2-ethyl- 
benzene, 


Fig. Distillation curve of cyclononane 
catalyzate, 


Sixth fraction (b, p, 169,5-174,5°), As may be seen from the catalyzate distillation curve (see figure), 
this fraction was an intermediate cut and consisted of a mixture of 1-methyl-2-ethylbenzene, which was present 
in the fifth fraction, and indan, which was a component of the seventh fraction, 


The seventh fraction (b, p, 174-177,5°) and the distillation residue were quite pure indan, as shown by 
their constants, Literature values forindan [10]: b, p. 177,5-178,5°; n°°D 1.5383; 0.9639, The indan was 
identified as 1,2,3-tribromoindane {11}, Bromination of a small amount of the seventh fraction in boiling chloro- 
form gave a crystalline bromide which, after recrystallization from alcohol, melted at 134°, A mixture of this 
material with bromide prepared from pure indan, showed no depression of the melting point, 


of 

| 
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In addition, the compositions of the fourth to seventh fractions were established by a study of their Raman 
spectra,* The results of the spectroscopic investigation are presented in Table 2, 


The approximate composition of the cyclononane conversion product was calculated on the basis of the 
fractionation results and the chemical and optical investigations, 
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It has previously been shown that vinylacetylene adds diazomethane selectively across the double bond with 
the formation of 3-ethynylpyrazoline [1]. Nitrile oxides are similar in structure to diazoparaffins and also are 
capable of adding at ordinary temperatures across the multiple bonds of ethylenic and acetylenic hydrocarbons 
with the formation of isoxazolines [2] and isoxazoles [3], respectively, Reaction with diolefins can take place 
at one or both double bonds [4], In the case of fulvenes, the esocyclic double bond at the tertiary carbon is in- 
active, Divinylacetylene reacts with benzonitrile oxide to form 5,5'-ethylenebis-3-phenyl-2-isoxazoline [4], 


The literature contains no information on the manner of addition of benzonitrile oxide to vinylacetylene and its 
homologs, 


We therefore undertook the problem of establishing the manner of addition of benzonitrile oxide to enyne 


hydrocarbons and of determining whether it is possible to prepare by such a route crystalline derivatives suitable 
for identification of such hydrocarbons, 


Our experiments showed that benzonitrile oxide readily adds selectively across the double bond of vinyl- 
acetylene, vinylmethylacetylene, and vinylethylacetylene with the formation of, respectively, 3-phenyl-5- 
ethynyl-2-isoxazoline (I), 3-phenyl-5-methylethynyl-2-isoxazoline (II), and 3-phenyl-5-ethylethynyl-2-iso- 
xazoline (III) according to the scheme: 


Vth 
Cots —C=N—O + CH,=CH=C=C—R 
N 
where R = H (I), CH; — (II), or CpHs (III). 
The structure of these substances was established by several methods, 


The infrared spectra of all three condensation products had absorption bands characteristic of an acetylenic 
group (2120 and 3310 cm™ in the case of compound (I) and about 2240 cm™ in the case of compounds (II) and 
(III), Absorption bands characteristic of a vinyl group (in the 900-1000 cm™ region) were not present in the 
spectra (see figure), In the product of the addition of benzonitrile oxide to vinylacetylene (I), there was 99,5- 
99.8% of material with a terminal acetylenic group, as determined by the mercury method [5], 


Oxidation of the products of the addition of benzonitrile oxide to vinyl-, vinylmethyl-, and vinylethyl- 
acetylene with an alkaline solution of potassium permanganate gave the same product in all cases, This product, 
3-phenyl-2-isoxazoline-5-carboxylic acid, has been described in the literature, and was identified by the melting 
point of mixed samples of both the acid itself and of its anilide, Had the benzonitrile oxide added to the hydro- 
carbons across the triple bond, oxidation of the products would have formed three different isoxazolecarboxylic 
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ethylisoxazole-5-carboxylic acid, 


Apparently, benzonitrile oxide, like diazomethane [1], adds across the double bond of enyne hydrocarbons 
as a nucleophilic reagent, Enyne hydrocarbons react in the same manner with lithium alkyls, lithium amides, 
and lithium phosphides [6], All three of the isoxazolines prepared in this work were crystalline substances suit- 


able for identification of the original enyne hydrocarbons, 


The reaction of enyne hydrocarbons with nitrile oxides can also serve as a satisfactory method for the pre- 


paration of isoxazolines with acetylenic radicals, 


EXPERIMENTAL 


nitrile oxide), 


crystals melted at 69-70° (from carbon tetrachloride), 


Found %: C 77,03, 77,09; H 5,42, 5,46; N 8,16, 8.20, CyH,sNO, Calculated %: C 77,17; H 5,29; N 8.18, 


Infrared spectrum (5% solution in CCly),® in cm7!; 848 (s.), 895 (v.s.), 1004 (av,), 1040 (av.), 1075 (w.), 
1162 (av,), 1231 (w.), 1277 (av,), 1328 (s,), 1358 (v.s,), 1437 (av.), 1450 (s,), 1498 (w.), 1564 (w.), 1600 (av.), 


2120 (w.), 2850 (w.), 2927 (av.), 3032 (av.), 3061 (av), 3103 (w.), 3310 (v,s.). 


To a solution of 0,5 g of 3-phenyl-5-ethynyl-2-isoxazoline in 20 ml of acetone was gradually added 0.6g 
of powdered potassium permanganate, There was very little evolution of heat, The acetone was distilled, and 
the residue was treated with water, The magnesium dioxide was removed by filtration, and the filtrate was 


* Very weak frequencies not given, 


Fig. Infrared transmission spectra of: 1) 3-phenyl-5-ethynyl-2-isoxazoline; 2) 3-phenyl- 
5-methylethynyl-2-isoxazoline; 3) 3-phenyl-5-ethylethynyl-2-isoxazoline, 


acids, 3-phenylisoxazole-5-carboxylic acid, 3-phenyl-4-methylisoxazole-5-carboxylic acid, and 3-phenyl-4- 


3-Phenyl-5-ethynyl-2-isoxazoline (I), A solution of 0,4 mole of freshly distilled vinylacetylene in 150 ml 
of absolute ether was mixed at —15° with an ether solution (200 ml) of benzonitrile oxide, which had been pre- 
pared from 0,1 mole of benzohydroxamyl chloride [2, 3]. The mixture was allowed to stand in a closed, thick- 
walled flask at room temperature for 24 hours, After evaporation of the ether under reduced pressure, the re- 
maining yellow oil crystallized over a period of 6 hours, The yield of raw product was 7 g (41% of the benzo- 


An insignificant amount of diphenylfuroxane separated during recrystallization of the crude product from 
methanol, and the 3-phenyl-5-ethynyl-2-isoxazoline was obtained from the filtrate, The colorless acicular 
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acidified with 10% H,SO,. The resulting crystalline precipitate was recrystallized from water, The m, p. was 
143-144°, The anilide of the acid, prepared by the usual method with thionyl chloride, had an m, p. of 155-156°, 


Literature values: 3-phenyl-2-isoxazoline-5-carboxylic acid m, p. 143-144°, anilide m, p, 155-156° [2]. 


3-Phenyl-5-methylethynyl-2-isoxazoline (II), A solution of 0,075 mole of vinylmethylacetylene in 100ml 
of ether was mixed with a solution of benzonitrile oxide (from 0,15 mole of henzohydroxamyl chloride) in 300ml 
of dry ether, The reaction mixture was allowed to stand at room temperature for 24 hours, and the ether was then 
distilled under reduced pressure until a precipitate began to form, Filtration yielded 15 g of crude 3-phenyl-5- 
methylethynyl-2-isoxazoline, From the filtrate was obtained 6 g of diphenylfuroxane, 


Isoxazoline (II), after recrystallization from methanol and then from carbon tetrachloride, had a constant 
m, p. of 99-100°, The yield was 95% (based on the vinylmethylacetylene), 


Found %: C 78,29, 77,81; H 6.15, 6.36; N 7.81, 7,65. CyH,NO, Calculated %: C 77,86; H 5,98; N 7,56, 


Infrared spectrum (5% solution in CCl), in cm™: 838 (s,), 898 (v.s.), 1020 (w.), 1178 (av.), 1236 (w.), 
1330 (s.), 1357 (v.s,), 1451 (s.), 1500 (w.), 1570 (w.), 1600 (av,), 2245 (av.), 2855 (w,), 2923 (s,), 3034 (av.), 
3045 (av.), 3063 (av,), 3108 (w.). 


Oxidation of isoxazoline (II) under the conditions described above gave 3-phenyl-2-isoxazoline~5-carboxy- 
lic acid with an m, p, of 143-144°; the anilide melted at 155-156°, Mixed samples of the acid and of its anilide 
with the preparations described above showed no depression of the melting point, 


3-Phenyl-5-ethylethynyl-2-isoxazoline (III), From 0,07 mole of vinylethylacetylene and benzonitrile 
oxide, prepared from 0,078 mole of benzohydroxamyl chloride, was obtained 10 g (75% yield, based on the 
vinylethylacetylene) of 3-phenyl-5-cthylethynyl-2-isoxazoline, 


The m, p. was 64-65° (from aqueous methanol and then from ligroin), The substance crystallized as color- 
less needles, 


Found %; C 78,68; 78.37; H 6.86; 6.81; N 7.62; 7.56 
CygHygNO, Calculated %; C 78,36; H 6,59; N 7,03; 


Infrared spectrum (5% solution in CC],), in cm™: 840 (s.), 891 (s.), 977 (w.), 1161 (w.), 1169 (w.), 1231 (w.), 
1322 (s,), 1353 (s,), 1443 (s,), 1468 (av.), 1495 (av.), 1592 (s,), 2242 (w.), 2848 (w.), 2881 (av.), 2926 (w.), 
2938 (av.), 2978 (s,), 3027 (w.), 3061 (av.). 


Oxidation carried out as in the preceding cases gave 3-phenyl-2-isoxazoline-5-carboxylic acid, The 


m, p. was 143-144°, The anilide melted at 155-156°, Mixed samples with known preparations showed no de- 
pression of the melting point, 
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A considerable amount of work has been devoted to the study of the polymorphism of higher aliphatic 
acids, but a series of problems still remains unsolved, These problems include the nature of the conversion for 
stearic and palmitic acids (reversible or irreversible), the impossibility of obtaining metastable phases of these 
compounds from melts, polymorphism of the molecular compound in the system stearic— palmitic acid, etc, 
Together with this, it seemed interesting to solve the controversial problem of the existence of some phase of 
oleic acid with a conversion point of 19-20°, This phase was discovered in the work of G, B, Ravich, V, A, 
Vol'nova, and T, N, Kuz'mina [1] on the basis of thermal analysis data, but these results have not been con- 


firmed by direct x-ray structural investigations, 


In our investigations, we used infrared absorption and differential thermal analysis, 


Fig, 1, Heating curves of stearic (A), 
palmitic (B), and oleic (C) acids, 


In recent years in a number of papers, in particular, in 
the investigations of Sydow [11], it has been reported that differ- 
ent modifications of substances, including n-paraffins, higher 
aliphatic acids, ethyl esters, and mono- and triglycerides of 
higher aliphatic acids, show a difference in the infrared absorp- 
tion spectra in the region of 1500-500 em7!, According to 
Chapman [2, 3], Davison and Corish [4, 5], these differences 
are explained by the effect of the packing of the molecules in 
the crystal cell and the change in the configuration of the mole- 
cule, Chapman studied the absorption band at about 720 em7! 
in most detail and considered that its splitting is characteristic 
of crystals with a rhombic subcell [6], 


For the spectroscopic investigation we used an IKS-14* in- 
strument, fitted with a specialdevi ce for heating the object and 
thermostatting it at a given temperature, The differential ther- 
mal analysis procedure consisted of plotting thermograms with a 
thin layer of substance and was described in the wotk of G, B, 
Ravich and V, A, Vol'nova [7], The thermograms were plotted 
with a specially modified EPP-09 electronic recorder, 


It should be noted that in comparing the results obtained 
by these methods, we could assume that the experiment was 
carried out under identical conditions of cooling and heating of 


* The authors would like to thank the director of the Optical Texture Group of the Crystallography Institute of 
the Academy of Sciences USSR, G., I, Distler, for kindly providing an IKS-14 instrument, 
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Fig, 2, Infrared absorption spectra obtained 
with a NaCl prism, A) stearic acid (solid 
curve-stable 6-phase, broken curve — labile 
a -phase); B) molecular compound of stearic 
and palmitic acids (solid curve—stable phase 
from melt, broken curve labile phase from 
benzene solution); C) oleic acid (solid curve 
— low-melting modification at 5°, broken 
curve— phase with conversion point 20,5°), 


the thin layer of substance both during the thennal in- 
vestigations and in the study of the absorption spectra, 


The main result of differential thermal phase 
analysis was a clear exothernal effect at 49° on the 
heating curve of a solid, polycrystalline film of stearic 
acid, which definitely confirmed the irreversible nature 
of the conversion, The same applies to the results of 
recording the heating curves of palmitic acid where a 
similar exothermal effect was observed at 42°, The 
results of the observations are given in Fig, 1. 


A similar record of the heating curves of oleic 
acid showed an endothermal effect in the temperature 
range 20-20,5°, which confirms data given in [1], 


The absorption spectra of stearic acid at a tem- 
perature below the conversion point (25°) and above 
the conversion point (52°) clearly showed the following 
regions: 1) in the region of 1400-1460 cm™, the spec- 
trum of the stable 6 -phase of stearic acid showed a 
triplet, the bands of which were assigned to the defor- 
mation vibrations of CHg and CHg groups, while in the 
spectrum of the labile a -phase, the intensity of these 
bands was so reduced that they did not appear; 2) in 
the region of 1300-1200 cm™, the spectrum of the 
B-phase showed five, clearly expressed bands of low 
intensity, which were separated from each other by 
16-17 cm”, while this region in the spectrum of the 
labile modification contained a broad absorption band 
with a maximum at 1087 cm™; 3) the band at 724 em”! 
was single in the spectrum of the labile phase and split 
into two bands at 738 and 724 cm™ with the 6 -phase, 


The same applies to palmitic acid and the molecu- 
lar compound of stearic and palmitic acids, which should 
also be considered polymorphous in this respect, It is in- 
teresting to note that the absorption spectrum of a melt 
of the acids studied at temperatures of the order of 90° 
was similar to the spectrum of the stable phase, but the 
band at 724 cm™ in it was not split (the data are given 
in Fig, 2), This phenomenon requires special considera- 
tion, The spectrum of the melt may be explained by 
the retention of cybotactic groups (groups characteristic 
of the 6-phase) in melts of higher aliphatic acids, 


As was shown in the work of M, V, Vol'kenshtein [8, 9], the infrared absorption spectrum is determined to 
a considerable extent by the configuration factor, In this case, it may be assumed that the polymorphic forms 
of stearic and palmitic acids differ not only in the nature of the crystal cell, but also in some configurational 
changes in the molecules, In complete agreement with thermal phase analysis, the infrared absorption spectra 
show that the polymorphic conversions are irreversible as the spectrum of a cooled, melted film coincided com- 


pletely with that of the 8-phase, 


Finally, we were able to detect a clear difference in the absorption spectra of modifications of oleic acid, 
in particular, for the phase undergoing conversion at 20,5° and this spectrum was not like that of a saturated acid 
(stearic or palmitic), As we used very pure preparations, which were subjected to special purification in addition, 
we do not consider that the effect at 20,5° was caused by traces of saturated acids, It is more probable that in 


this case, we observed one of the liquid-crystal phases which are characteristic of aliphatic compounds with a 
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long chain, in particular, olefc acid soaps, The form of the thermograms in this region is very similar to heat- 
ing curves obtained for sodium and potassium salts of higher aliphatic acids [10], 


Thus, combined thermal and spectroscopic analysis of higher aliphatic acids leads to a coherent picture 
and this combined application of differential thermal and spectroscopic investigations may be considered an 
effective method of studying the polymorphism of organic compounds, 
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Translated from Doklady Akademii Nauk SSSR, Vol, 135, No, 4, pp. 840-842, 
December, 1960 

Original article submitted July 5, 1960 


An investigation of the chlorine analog of the compound given in the title was begun in our laboratory 
before the war(1], The crystal symmetry and dimensions of the elementary cell were determined, The crystals 
were found to belong to the tetragonal system, Their body-centered elementary cell, which contained 16 mole- 
cules, had the dimensions a ~ 10 A andc ~ 24 A, The first hypothesis on the structural pattern was then put 
forward on the basis of chemical data on the addition of ethylene to the platinum atom through carbon and the 
possible dimeric form of analogous compounds [2], Neither of these was confirmed subsequently (see below), 


The war interfered with the continuation of this work and therefore it was decided to publish preliminary 
speculative data in the rough form in which they were at the time, 


In 1950, work was begun in our laboratory on the trans effect in the crystal state [3], In 1957 we pub- 
lished a review on this problem [4] in which data were reported on the crystal structures of a series of compounds 
and, in particular, on the structure of Zeise's bromine salt — K(PtC,H,Br3) * H,O [4]. In the latter structure, it 
was shown that the plane of the ethylene molecule lies perpendicular to the plane of the PtBr, group and that 
the bromine atom opposite the ethylene group is actually at a considerably greater distance from the platinum 
atom than the other two bromine atoms (2,50 and 2,42 A, respectively), In this article it was stated that the 
outer sphere may affect the interatomic distances, We therefore re-examinedthe substance given in the title 
as one devoid of this drawback, We decided to determine its structure completely anew and as with Zeise's 


salt, for greater accuracy in the determination of the metal— halogen interatomic distances, we decided to use 
the bromine salt, 


M. N, Lyashenko synthesized this compound for us and determined its optical constants, The crystals were 
found to be monoaxial and positive with Ng = 1,88 and Ny, = 1,770, According to goniometric data, the crystals 
belonged to the tetragonal system and were a combination of a tetragonal prism with a pinacoid, 


In the elementary cell, which had the dimensions a = 10,51 A + 0,02 and c = 24,80 A + 0,05, there were 


16 molecules of PtC,HyNH,Brz, The space group symmetry C§p = 14,/a was determined unequivocally from the 
rules of extinctions (hk! —h+ k+J] = 2n; hkO— h= 2n and k = 2n; 007 —7 = 4n), The crystals belonged to the 
diffraction class 4/m, 


The full x-ray structural investigation was carried out from data of interatomic function projections along 
the directions [001] (Fig, 1) and [100] and the electron density projection on the YZ plane, The investigation was 
carried out with CuKq radiation as determining the x-ray diffraction patterns with MoKg radiation considerably 
increased the exposure time due to the small size of the crystal and did not increase the number of reflections, 


Analysis of the interatomic function projection showed that all the atoms lay in a common sixteenfold 
position with the platinum atoms lying on the 4, axis, half way between the planes of symmetry, The projection 
showed that the complexes lay parallel to the Z axis and that the plane of the complex was at an angle of ~17° 
to the latter, This disposition of the plane of the complex was confirmed by optical data, Thus, having deter- 
mined the position of the complex as a whole with the platinum atom at the center, we arrived at the 
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TABLE 


Atoms x Y 
Pt 0,250 0,000 0,125 
Br, 0,434 0,040 0,188 
Bro 0,425 0,040 0,063 


Interatomic distances 


Pt — Br, = 2,52 A; 
Pt — Bra = 2,43 A. 


8r Br 
8r 


© rt © Pt 
6r 
a b 


Fig. 2, Two variants of the arrangement of 
atoms: a) horizontal; b) vertical, 


Fig, 1, Projection of interatomic functions along the [001] direction, 


determination of the position of the bromine atoms, 
There were two possible variations of their position in 
the cell: the horizontal and the vertical (Fig, 2). In 
order to determine which variant occurred in the struc- 
ture, we constructed electron density projections on the 
YZ plane for both variants, The signs of the structural 
amplitudes were determined initially from the coor- 
dinates of the platinum atom and the two bromine atoms 
with the bromine atoms considered as at identical dis- 
tances from the Pt atom (the coordinates were obtained 
from the interatomic function projection), From the 
positions and relative heights of the maxima obtained 
on the corresponding projections, it followed that the 
correct one was the vertical variant of the position of 
the bromine atoms, The projection clearly showed 

the Pt and Br atoms and it was established that the Br 
atoms were at different distances from the Pt atom, 
The data obtained agreed well with the results obtained 
by investigating Zeise's bromine salt [4], The table 
gives the coordinates of the atoms, 


Two hypotheses were then put forward: 1) opposite 
the Br atom at the least distance from the platinum 
(Pt — Br = 2,43 A) lay the NH, group and the C,H, group 
was opposite the Br atom at a distance of 2,52 A from 
the Pt atom, and 2) opposite the Br atom at a distance 


of 2.43 A from the Pt atom lay the C,H, group and the NHg was opposite the Br atom at a distance of 2,52 A 

from the Pt atom, Starting from these hypotheses, we recalculated the signs of the structural amplitudes through 
the Pt, Bry, Bry, and NH, atoms, whose coordinates were derived from stereochemical considerations, The elec- 
tron density projection constructed for the first variant is given in Fig, 3, The projection shows that the maximum 
at point A is higher than those at points B, C, and D, which is explained by the superposition of the Br atom and 
NHg group at this point, while there are no such superpositions at points B, C, and D, The solid line shows the 
complex with a central Pt atom at a height x = 1/4 (the plane of this complex is almost perpendicular to the 
plane of the drawing) and the broken line shows the complex with the Pt atom at a height x = 3/4 (its plane 
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Fig, 3, Electron density projection on the YZ 
plane, 


>Y 


almost coincides with the plane of the drawing). The 
electron density projection for the second variant showed 
all the maxima of equal height, 


We could thus conclude that the ethylene molecule 
lay opposite the bromine at the greatest distance (ana-~ 
logous to Zeise's salt), 


Otherwise, the maximum at D should have been 
higher, This also shows that the interatomic distances 
may be affected by a group in the tras position — an 
idea which we put forward preliminarily about ten years 
ago, With an increase in the trans effect, there is also an 
increase in the interatomic distances between the central 
atom and the labilized addend, We have now obtained 
x-ray diffraction patterns of all the layer lines and 
calculated the signs of the structural amplitudes and 
sent the data to the Calculation Center for calculation 
of the electron density cross section, which will prob- 
ably make it possible to determine the coordinates of 
the light atoms and refine the coordinates of the others. 


In conclusion, the authors would like to thank 
M, A, Porai-Koshits for valuable advice and help in the 
work, 
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At present, few organic compounds of silicon and tin are known in which these elements are connected 
directly to phosphorus or arsenic, Attempts were made [1] to prepared organophosphorus compounds containing 
a P—Si bond by the action of alkylhalosilanes on trialkyl phosphites by an Arbuzov rearrangement or by the 
action of alkylhalosilanes with sodium dialkyl phosphite, It was subsequently shown by more detailed investiga~ 
tion that these reactions yield compounds in which the silicon is connected to phosphorus through oxygen [2-4]: 


RsSiX + P (OR’)s -+ RsSiOP (O) (OR’) R’ + R’X. 


Work appeared later on the reaction of alkylhalosilanes [5] and alkoxyhalosilanes [6] with sodium deriva- 
tives of dialkyl phosphite, which, in the opinion of the authors, yielded compounds with a Si-P bond, However, 


these results were not sufficiently convincing in the light of the above work of B, Arbuzov et al,, [4] and Mala- 
testa [2, 3], 


The preparation of trimethylsilyldiphenylphosphine and triethylstannyldiphenylphosphine by the action of 
trimethylchlorosilane or triethyltin bromide on sodium diphenylphosphine has also been described (7, 8]. 


A publication recently appeared which gave a description of the preparation of mono-, bis-, and tristri- 
methylsilylphosphines by the action of trimethylchlorosilane on lithium phosphide (the latter was obtained by 
passing phosphine into an ether solution of butyllithium [9]). 


Inorganic compounds have also been described in which silicon is bound to phosphorus or arsenic, Thus, 
the reaction of silane with phosphine at 500° yielded silylphosphines H,Si — PHz [10-12], 


The reaction of white phosphorus with iodosilane at 20-100° formed a mixture of unstable, spontaneously 
inflammable products, from which it was possible to isolate diiodosilylphosphine HgSi— PI, [13-15], In the 


same work, it was reported that arsenic reacts with iodosilane like phosphorus; diiodosilylarsine H,Si— AsI, was 
isolated from the reaction mixture, 


In the present work, we studied the reaction between hydrophosphides, alkylhydrophosphides, or hydro- 
arsenides of alkali metals and polyhaloalkyl derivatives of silicon and tin to prepare diheteroorganic compounds 
in which an element of group IV is connected directly to an element of group V. 


By this method it would be possible to prepare diheteroorganic compounds containing hydrogen or alkyl 
and aryl radicals at both hetero atoms, 


RsE'VX + MeEYR, + RoE'V9¥R, +. MeX as 
E'Y — Si; Sn; R=H, CHs etc ; Me=Li, Na, K; EY=P, As; X =F, Cl, Br; 
R’ =H, CHs,CsH; etc 
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I, Compounds with a Si-P bond, A study of this synthesis route showed that the reaction of potassium 
(sodium) hydro- or alkylhydrophosphides with trimethylchloro- or bromosilanes formed only a very small amount 
of silylphosphines, This reaction proceeded much better when alkylfluorosilanes were used, Thus, the reaction 


of trimethylfluorosilane with potassium (sodium) dihydrophosphide yielded a mixture of bis- and tristrimethyl- 
silylphosphide in a total yield of 40-50%, 


5(CHs)sSiF + ((CH3)sSi)2PH + ((CHs)3Si)sP 4- SKF 3PHs. (2) 


One possible reason for the different action of trimethylfluorosilane and trimethylchlorosilane on potas- 
sium (sodium) hydrophosphide is the higher affinity of fluorine for an electron, which facilitates the formation 
of a P—Si bond by the action of potassium alkylhydrophosphides on alkylfluorosilanes, 


The formation of secondary and tertiary silylphosphines in the reaction mixture may be explained by the 


following intermediate processes, which occur during the reaction of trimethylfluorosilane with potassium di- 
hydrophosphide: 


(CHs)s SiF -+- KPH, (CHs3)s Si— PH, -}+- KF; 
(CHs)s Si — PH + KPHg — (CHs)s Si — PHK 4- PHs; 
(CHs)3 Si PHK + FSi (CHs)s ((CHs)s Si)2 PH KF; 
((CHs)s Si), PH ((CHs)s PK + PHs; 
((CHs)s Si), PK FSi (CHs)s ((CHs)s Si)s P + KF. 


The amount of phosphine liberated during the reaction corresponded almost quantitatively to Eq. (2), 
which, to some extent confirms the scheme presented above, It should be noted that the process was carried 
out under conditions which excluded hydrolysis of the reaction products, which could have liberated phosphine, 


The structure of the silylphosphines synthesized was confirmed by the following data: hydrolysis of tris- 


trimethylsilylphosphine with water or an aqueous solution of alkali yielded phosphine and hexamethyldisiloxane 
according to the equation: 


2 ((CHs)s Si)s P + 2PHs + 6 (CHs)s SiOH 
—3H,0 
3 (CHs)s Si — O — Si (CHg)s 


The infrared spectrum of bistrimethylsilylphosphine ({(CHg),Si],PH) showed a band at ~ 2500 em™, which 
is characteristic of the valence vibrations of P—H, while this band was absent from the spectrum of tristrimethyl- 
silylphosphine ({(CHg)sSi}P). The mass spectrum of tristrimethylsilylphosphine was studied and found to contain 
an ion with mass 59, which may be interpreted as the bond Si + P (m = 28 + 31),* 


Tristrimethylsilylphosphine readily added elementary sulfur to form tritrimethylsilyl thiophosphate 
((CHs)3Si,PS which indicates that the phosphorus is trivalent in the silylphosphine, 


A study of the reaction of trimethylfluorosilane with potassium methylhydrophosphide showed that it formed 
a mixture of mono- and bistrimethylsilylmethylphosphines with a total yield of about 55%. 


3(CHs)sSiF + 3KPH(CHs) — (CHs)sSi — PH(CHs) ++((CHs)sSi)aPCHs + 3KF-+CHs3PHsz. (3) 


Il, Compounds with a Si-As bond, Previously, only one compound (an inorganic compound) containing a 
direct arsenic— silicon bond was known [8], By the action of trimethylfluorosilane on potassium dihydroarsenide 
we prepared bis- and tristrimethylsilylarsines in 25% yield, 


5 (CHg)sSiF + 5KAsHg — ((CHg)3Si)2AsH + ((CHs)3Si)sAs + 5KF + 3AsHs. 


“¥ The infrared and mass spectra were investigated by N, Rodionova, S, Dubov, A. Khokhlova, and V, Fedotova, 


= 


It should be noted that compounds with an arsenic— silicon bond were found to be less stable than the corres- 
ponding compounds with a phosphorus— silicon bond, 


III, Compounds with a Sn—P bond, In contrast to analogous compounds of silicon, halogen derivatives of 
tin do not undergo ammonolysis and therefore the reaction between sodium (potassium) dihydrophosphide and a 
halogen derivative of tin was carried out in liquid ammonia, 


Due to the solubility of these components in liquid ammonia, the reaction proceeded much more readily 
than in ether and there was no need to use fluoro derivatives of tin, 


The reaction of trimethyltin bromide with sodium hydrophosphide yielded tristrimethylstannyl phosphine 
in about 65% yield, 


3(CHs)sSnBr + 3NaPH; — ((CHs)sSn)3sP + 3NaBr + 2PHs. 


EXPERIMENTAL 


1, Preparation of bis- and tristrimethylsilylphosphines, Carefully ground potassium dihydrophosphide 
(14,42 g) was covered with absolute ether (150 ml) and 35,8 g of trimethylfluorosilane condensed in this mix- 
ture with vigorous stirring at—20°, The temperature of the reaction mixture was gradually raised to room tem- 
perature (reflux condenser cooled to —20 to —25°) and the mixture stirred for 12-18 hr and then the temperature 
raised to 30° and the mixture stirred for a further 6 hr, A gas containing 50-70% of phosphine was liberated 
during the reaction, 


The reaction mixture was syphoned off from the precipitate, The precipitate was washed two to three 
times with ether, The volatile products and the ether were removed by distillation and the residual liquid 
vacuum distilled, All operations were carried out in an atmosphere of oxygen-free nitrogen, We obtained 
2.5 g (about 8.0% of theoretical) of bistrimethylsilylphosphine with b, p, 60-61° (20 mm); °°, 0,8188, 


Found %: Si + P 48,6, CgHSigP, Calculated %: Si+ P 48.9, 


We obtained 10 g (33% of theoretical) of tristrimethylsilylphosphine with b, p, 66,8-67° (2 mm); do, 
0.8670, 


Found %: C 43,6; H 11,3; Si+ P 45,6, CyHgSisP, Calculated %: C 43,2; H 10,9; Si + P 46,0, 
Molecular weight: found 258.0, calculated 250,6, The substance was spontaneously inflammable in air, 


2, Preparation of mono- and bistrimethylsilylmethylphosphines, Mono- and bistrimethylsilylmethylphos- 
phines were obtained under the same conditions as bis- and tristrimethylsilylphosphines, The reaction of 15,43 g 
of potassium methylhydrophosphide with 22 g of trimethylfluorosilane yielded 4,0 g (13.9% of theoretical) of 
monotrimethylsilylmethylphosphine with b, p. 54-55° (153 mm); @°, 0,7969 and 9,3 g (40.6% of theoretical) of 
bistrimethylsilylmethylphosphine with b, p, 75-76° (20 mm); i, 0.8433, 


Found %: C 39,0; H 10,8; Si+ P 49.1, C4HySiP. Calculated %: C 40,0; H 10,9; Si + P 49,1, 
Found %: C 43,3; H 11.4; Si+ P 45,0, C7zHg3SigP, Calculated %: C 43,70, H 11.0; Si+ P 45,30, 
The substances were spontaneously inflammable in air, 


3, Preparation of tristrimethylsilylarsine, Bis- and tristrimethylsilylarsines were obtained under the same 
conditions as bis- and tristrimethylsilylphosphines, The reaction of 23,2 g of potassium dihydroarsenide with 
21.9 g of trimethylfluorosilane yielded 4,1 g (17.5% of theoretical) of tristrimethylsilylarsine with b, p, 82-84" 
(4 mm); 0.9939, 


Found %: C 37,0; H 9.6; Si+ As 53,3, CgHg7Sij;As, Calculated %: C 36,7; H 9.2; Si+ As 54,1, 
Molecular weight: found 291,8, calculated 294,5, The substance was not spontaneously inflammable in air, 


In addition to tristrimethylsilylarsine, we isolated bistrimethylsilylarsine with b, p. 55° (15 mm) in a yield 
of 7% of theoretical, 
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4, Preparation of tristrimethylstannylphosphine, An ether solution of 17.5 g of trimethyltin bromide was 
added dropwise to a solution of 8,26 g of sodium hydrophosphide in liquid ammonia, The ammonia was evapor- 
ated and the ether solution decanted from the residue, Evaporation of the ether left a liquid, which was distilled 
under reduced pressure, It had b, p, 136-137° (3 mm), 


We obtained 7,9 g (63,2% of theoretical) of tristrimethylstannylphosphine with 3° 1.6769; n’°D 1.5970, 
Found %: C 21,3; H 5,5; Sn + P 72,7, CoHgSngP, Calculated %: C 20,7; H 5,2; Sn + P 74,1, 


Molecular weight: found 510,0, calculated 522,3, The substance was not spontaneously inflammable in air, 
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For the synthesis of regularly formed diene polymers it is usual to use Ziegler-Nata Insoluble complex 
catalysts, which are formed by the reaction of organoaluminum compounds with titanium halides [1-4], or some 
oxide catalysts [5, 6], Natta first demonstrated the possibility of using catalytic systems consisting of diethyl- 
aluminum chloride and cobalt dinitrosyl chloride for polymerizing butadiene dissolved in hydrocarbons [7], 


L 


1 


(coct,] 


Fig. 1, Polymer yield in rela- 
tion to cobalt chloride concen- 
tration, 


In the present investigation it was shown that cispolybutadiene 
may be obtained by using homogeneous catalysts formed by the reac- 
tion of dialkylaluminum chlorides with various compounds of cobalt 
and nickel, In a study of butadiene polymerization in benzene, it 
was established that catalytic systems consisting of hydrocarbon- 
soluble complexes of cobalt chloride with pyridine or ethanol in com- 
bination with dialkylaluminum chlorides are very effective catalysts, 
They make it possible to achieve polymerization at a cobalt chloride 
concentration of 0,005 wt. % on monomer at about 0° and the poly- 
mer structure is independent of polymerization temperature, The 
polymers thus formed contain 90-97% of cis-1,4- units, Figures 1 
and 2 give experimental data illustrating the relation of polymeriza- 
tion rate and polymer molecular weight to cobalt chloride concen- 
tration, The polymerization rate reached a limiting value when the 
cobalt salt concentration was increased to 0,01 weight % on monomer, 
while the polymer molecular weight fell continuously over the whole 
range of concentrations studied. 


An increase in polymerization temperature led to a substantial fall in the polymer molecular weight, Over 
the temperature range from 5 to 30°C, the polymer molecular weight fell by a factor of 2-3, The role of dis- 
placement reactions increased strongly in the presence of lower olefins, Even about 1% of 8 -butane on monomer 
appreciably reduced the polymerization rate and polymer molecular weight (from 150,000 to 90,000), Table 1 
gives data on the microstructure of polybutadiene obtained with *cobalt® catalysts in relation to polymerization 


conditions, 


The maximum number of cis-1,4 units was obtained in systems with diethylaluminum chloride and di- 
isobutylaluminum chloride, In the latter case the number of 1,4 units with a cis configuration reached 97%, 


It is interesting to note that when triisobutylaluminum was used, there was a sharp increase in the number of 
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TABLE 1 


Polymerization of Butadiene under the Action of Catalytic Systems Contain- 
ing Derivatives of Cobalt, Nickel, and Iron 


olymer | Amountof units, % 
Catalytic system molecul 
weight | 1,2] 1,4-trans |1,4-cis 
+ (C2H;) AICI 600000] 4 3 93 
CoCla-CsHsN + (C2H;)2AICI 250 000] 6 5 89 
(iso-CyHp)3AICl 1000000] 14 2 97 
CoClg-CsHsN + 500000} 4 6 90 
(iso - CgHp)3Al 40 0 60 
Co stearate + ( iso-CyCp),Al — |70 22 8 
Co stearate (1%) + (C2Hs5)2AICl 42 15 73 
Co stearate (0,05%) + (C2Hs)2AICl 316 000} 5 8 87 
Co benzoate (0,05%) + (C2Hs)eAICI — 17 12 741 
Conaphthenate (0,05%) + (CaHs)2AICI 338 000] 3 5 92 
Ni stearate (0,05%) +(C2Hs5)2AICI 25000} 3 3 94 
Fe stearate (1%) + (C2Hs)2AICl — 22 34 47 


1,2 units (up to 70%), When cobalt salts of carboyxlic acids 
were used in concentrations such that the system was homo- 
geneous, the structure of the chain did not differ substantially 
from that given above for complex cobalt salts, However, 
as Table 1 shows, an increase in the cobalt stearate concen- 
tration above the solubility limit (change to heterogeneous 
systems) led to considerable worsening of the chain structures, 
In the case of cobalt benzoate, which has a very limited solu- 
bility in hydrocarbons, the content of 1,4-cis units did not 
exceed 70%, For polymerizing butadiene, we also used com- 
' plexes formed by the reaction of diethylaluminum chloride 
003 005 wt. %o with nickel stearate and also iron stearate and benzoate, Poly- 
[Cott,) ; butadiene obtained in the presence of nickel stearate had a 
lower molecular weight than chains of the same structure as 
Fig, 2, Polymer molecular weight 
the polymer obtained under analogous conditions in the pres- 
in relation to cobalt chloride con- 
ence of cobalt stearate, On reaction with diethylaluminum 
centration, 1) For diethylaluminum 
‘ . chloride, iron stearate and benzoate also formed complexes 
chloride; 2) for diisobutylaluminum : 
dtnibee which were effective in the polymerization of butadiene, 
: However, the polymerization rate in the presence of iron salts 
was considerably less than under analogous conditions in the 


presence of cobalt and nickel salts, The "cobalt" systems were also effective in the polymerization of other : 
dienes, in particular, isoprene, } 


| 


1 


| 
00! 


The polymerization was carried out under the usual conditions for work with organometallic compounds, 
i.e,, in an inert gas with careful removal of traces of oxygen and moisture both from the reaction vessel and 
from all components of the reaction mixture, 
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There has recently been a great increase in interest in organophosphorus compounds which may be used 
for preparing incombustible polymers, In particular, attention is being paid to organophosphorus compounds 
containing unsaturated radicals at the phosphorus atom, 


While derivatives of vinylphosphinic acid are the subject of many investigations [1], phosphine oxides 
containing a vinyl group at the phosphorus atom have not been described up to now, 


In the present work we prepared the following vinylphosphine oxides: 


C3H, 


P — CH = CH; ~-CH = — CH = 
/ / 


The synthesis was carried out according to the following scheme: 


(C2Hs)> PCl CH,—CH.——_ 
| 
O 
(CoHs)2 
-}+- 2C,;HsMgBr 
(CoHs5)2 P — 
I 


(Cable P — CH= CH, 
(C:Hs), N ll 


POC2H,CI ¢ 


—— —(CaHs5)2 — — -+ 


The addition of ethylene oxide to phosphorus trichloride, which was described by one of us and P, A, 
Rossiiskaya [2] and later extended by a number of authors [3-5] to alkyl- and arylphosphines, was used to pre- 


pare 8 -chloroethyl diethylphosphinite from diethylchlorophosphine, thus confirming the general applicability 
of this reaction to compounds of the type PCl,, RPCl, and R,PCI, 


B-Chloroethyl diethylphosphinite was also prepared from 8-chloroethyl dichlorophosphite and ethylmag- 
nesium bromide by the method of M, I, Kabachnik and E, N, Tsvétkov [6]. 


| 
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It is known [7] that when heated, &-chloroethy] diethylphosphite isomerizes to give a phosphinic ester: 


150—160° 
—» (RO)2PCsH,CI. 


(RO):POC;H,Cl 


It was also shown [8] that when heated, 8 -chloroethyl aryl phosphites are also converted into compounds 
of pentavalent phosphorous, but in this case the rearrangement is accompanied by elimination of dichloroethane 
and the reaction products are esters of ethylenediphosphinic acid, 


We found that on heating, 8-chloroethyl diethylphosphinite undergoes analogous conversions and in this 
case it was possible to isolate simultaneously both products of the Arbuzov rearrangement, namely, 6 -chloro- 
ethyldiethylphosphine oxide and tetraethylethylenediphosphine dioxide, It should be noted that the isomeriza- 
tion occurred under much milder conditions (the separation of tetraethylethylenediphosphine dioxide crystals 
was observed even when 6~-chloroethyl diethylphosphinite was stored at room temperature), 


It may be considered that the conversion mechanism was the same as in the case of aromatic esters of 
phosphorous acid [8]: There was first intra- or intermolecular isomerization of B-chloroethyl diethylphosphite 
with the 6-chloroethyldiethylphosphine oxide formed reacting as an alkyl halide with a second molecule of 
8-chloroethyl diethylphosphinite according to the Arbuzov rearrangement, We dehydrochlorinated 6 -chloro- 
ethyldiethylphosphine oxide by heating it in a sealed tube with triethylamine, It was more convenient to pre- 
pare diethylvinylphosphine oxide directly from 6-chloroethyl diethylphosphinite by heating the latter with tri- 
ethylamine without isolating the intermediate 6-chloroethyldiethylphosphine oxide, 


Dipropylvinylphosphine and ethylphenylvinylphosphine oxides were prepared analogously, The synthesis 
scheme for the latter was as follows: 


CH,—CH, 
C,H,MgBr 
Cg CgH,POC2H,Cl CsH,POC;H,Cl 


Cl O; 


The structure of dipropylvinylphosphine oxide was confirmed by a mixed melting point with another sample 
of the same substance prepared by M, I, Kabachnik, Chang Jung-yu, and E, N, Esvetkov by another method [9]. 


We plotted the infrared spectrum of diethylvinylphosphine oxide, which clearly showed bands at 1610 and 1175 
cm”, characteristic of vinyl and P=O groups, 


EXPERIMENTAL 


Reaction of diethylchlorophosphine [10] with ethylene oxide, An ether solution of ethylene oxide (10% 
excess) was added dropwise in a nitrogen atmosphere at —20° to a solution of diethylchlorophosphine in absolute 
ether, After the reaction, the ether was removed in vacuum and the residue vacuum distilled, We obtained 
8-chloroethyl diethylphosphinite (I) as a colorless substance, which was rapidly oxidized in air, dissolved cuprous 
bromide with evolution of heat, and reacted with phenyl azide, In constants, the substance was identical with 


the compound prepared by one of us and E, N, Tsvetkov from 8-chloroethyl dichlorophosphite and ethylmagnesium 
bromide [6], 


Reaction of phenyldichlorophosphine [11] with ethylene oxide. The reaction was carried out analogously 
with the difference that the reaction mixture was kept at ~10°; equimolar amounts of reagents were used, We 


obtained the acid chloride of the mono-8-chloroethyl ester of phenylphosphinous acid (II) as a colorless liquid, 
which changed on storage, 


8-Chloroethyl phenylethylphosphinite (III), An ether solution of ethylmagnesium bromide, prepared from 
0,11 mole of ethyl bromide and 0,11 g-at of magnesium in 50 ml of ether, was added dropwise with stirring in 
a nitrogen atmosphere to a solution of 0,1 mole of the acid chloride of the mono-8-chloroethyl ester of phenyl- 
phosphinous acid and 0,22 mole of pyridine in 100 ml of ether; the temperature of the reaction mixture was kept 


at—60 to-65°, After the addition of 150 ml of ligroin, the precipitate was removed by filtration, the solvent 
removed in vacuum, and the residue distilled, 
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8-Chloroethy] dipropylphosphinite (IV), This compound was obtained under the same conditions from 
0,1 mole of B-chloroethyl dichlorophosphite [2] and propylmagnesium bromide, prepared from 0,22 mole of 
propyl bromide and 0,22 g-at of magnesium, in the presence of 0,44 mole of pyridine, 


Isomerization of 8 -chloroethyl diethylphosphinite, A solution of B-chloroethyl diethylphosphinite in dry 
toluene (ratio of 1: 2 by weight) was boiled in a nitrogen atmosphere for 4 hr, After removal of the solvent in 
vacuum, distillation of the residue yielded 70% of B-chloroethyldiethylphosphine oxide (V) as a colorless liquid, 
which readily crystallized on cooling; the solid residue in the distillation flask was recrystallized from chloro- 
form plus ether to yield 15% of tetraethylethylenediphosphine dioxide (VI) as hygroscopic crystals, The yield 
of 6-chloroethyldiethylphosphine oxide when the starting material was heated without solvent at 100-110° for 
1,5 hr was 49%; the residue was tetraethylethylenediphosphine dioxide. A smal] amount of dichloroethane dis- 
tilled, but no starting 8-dichloroethyl ester was isolated, 


Preparation of tertiary monovinylphosphine oxide (VII-IX), A mixture of 6-chloroethyl dialkyl- or alkyl- 
arylphosphinite and triethylamine (20% excess) was heated in a sealed ampoule at 120° for 5 hr; crystals of tri- 
ethylamine hydrochloride were deposited, Treatment of the reaction mixture with absolute ether, filtration, 
evaporation of the solvent, and distillation yielded the corresponding monovinylphosphine oxide as low-melting, 
hygroscopic crystals,* 
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* The formation of a small amount of diethylvinylphosphine oxide was observed when B-chloroethyl diethyl- 
phosphinite was heated in a sealed ampoule to 120° without triethylamine, 
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The literature contains only a few isolated communications that are directly or indirectly concerned with 
the reaction of ethyleneimine with aldehydes and ketones, The reaction in the cold (equimolecular amounts) 
yielded crystalline products of undetermined structure, corresponding in composition to the starting mixture [1}, 
An analogous reaction with heating led to the corresponding 2-mono-(or di-)-substituted oxazolidines [2], Treat- 
ment of aldehydes or ketones with ethyleneimine (in a molar ratio of 1:2, respectively) yielded compounds, 
which were described (without demonstration of the structure) as N,N'-alkylidene-bis-ethyleneimines [1], Satu- 
ration of solutions of ethyleneimine in ketones with hydrogen sulfide formed 2,2-disubstituted thiazolidines [3], 


The only attempt at the reaction of ethyleneimine with formaldehyde was made in aqueous solution and 
polymeric products of undetermined structure were obtained [4], 


In the present communication we present the results of investigating the reaction of ethyleneimine with 


formaldehyde in organic solvents, The main reaction and conversions of the products are represented by the 
scheme: 


(i) 


N-Hydroxymethylethyleneimine (I) and N,N’-methylene-bis-ethyleneimine (II), which we called zinimine 
and azirizine, respectively, are clear, colorless, mobile liquids with formaldehyde (I) and weak amine (II) odors, 
The products were readily soluble in water and organic solvents, Compound I (m, p. 19,1°) was stable during 
storage in the crystalline state, but at room temperature, it gradually changed into a viscous liquid, which did 
not crystallize on cooling, During vacuum distillation with a bath temperature of 160-180°, I partly decomposed 
with the liberation of formaldehyde and the formation of II (1.85 g of Il was obtained from 8.75 g of I), Com- 
pound II did not change when stored in the absence of moisture, Under the action of moist air at room tempera- 
ture, after 1-3 days, I and II polymerized to solid, colorless, completely clear ethyleneimine-formaldehyde 
resins (polyzines), which were insoluble in water and organic solvents, resistant to the action of concentrated 


alkalis, and soluble in mineral acids, In contrast to polyzines, polymers [4] obtained by heating ethyleneimine 
with 30% formalin are soluble in water, 


With excess hydrogen sulfide, I was smoothly converted into thiazolidine III, The known ease of cleavage 
of the ethyleneimine ring by hydrogen sulfide makes it possible to assume that III is the product of intramolecular 
condensation of the intermediate 8-mercaptoethylmethylolamine, The reaction evidently may be extended to 
the preparation of 4,5-substituted thiazolidines, 


Treatment with sodium in alcohol under the conditions of the Bouveault— Blanc reduction (the ethylene- 


imine ring is resistant to such treatment) [5] yielded ethyleneimine, This hydrogenolysis demonstrates the pres- 
ence of an ethyleneimine ring in I, 
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Fig, Infrared spectra of N-hydroxymethylethyleneimine (I) and N,N*-methylene- 
bis-ethyleneimine (II), 


The structures of I and II were confirmed by the infrared spectra (figure),* The latter corresponded to 
the spectra of N-alkyl derivatives of ethyleneimine [deformation vibrations of the ring: 1247-1186, 868-862, 
826-812, 740-710 cm", vibrations of an outer C—N bond; 1271-1264 cm", high (in comparison with normal 
aliphatic compounds ) frequencies of valence vibrations of the C—H bonds of the ring: region of 3000 cm! [6, 
T] and the spectra of I had sharp bands of the vibrations of O-H and C—O bonds at 3205 and 1110-1070 cm“), 


A change in the conditions for the reaction of ethyleneimine and formaldehyde affected the ratio of the 
yields of I and II (see table), The nature of the relation indicates that the reaction has a two-stage mechanism: 


A direct demonstration of reaction (2) was obtained by condensing I with ethyleneimine, 


Ethyleneiminomethylation may evidently be extended to other compounds with a labile hydrogen, 


By comparing the data obtained with other investigations [1-3], it may be assumed that the reaction of 


ethyleneimine with the carbonyl group of aldehydes and ketones proceeds according to the following general 
scheme: 


+ 


NH 

OH 
* I would like to thank Dir. of Chemical Sciences Yu, N, Sheinker for plotting the spectra, 
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application in oncological treatment, 


antitumor activity [12], 


EXPERIMENTAL 


We were unable to detect the isomerization of I into oxazolidine, This is apparently explained by the in- 
stability of unsubstituted oxazolidine; the latter is unknown in the free form [8]. 


Compounds I and II are interesting as potentially physiologically active agents, Ethyleneimine [9] and its 
derivatives are highly active mutagens; ethyleneimine is now widely used in agricultural and industrial (anti- 
biotic-producing strains) breeding [10], Ethyleneimine derivatives have an antitumor action [11] and bifunc- 
tional compounds are most active, The latter, together with bis-8-chloroethylamines, are finding very wide 


Compounds I and II are the simplest bifunctional derivatives of ethyleneimine, In zinimine I, the second 
functional group is an N-hydroxymethyl group, It is interesting that a number of N-hydroxymethylamides have 


To determine the general nature of the physiological action of the compounds synthesized, we studied 
their acute toxicity, The experiments were carried out on black mice of the Cy, strain, With intraperitoneal 
administration, LDs for I was 40 mg/kg and for II, 30 mg/kg, With absolutely fatal and higher doses, intoxica- 
tion developed with a latent period (death after 3-5 days), characteristic of the action of radiomimetic sub- 
stances [13], In collaboration with I, A, Rapoport, an investigation was made of the mutagenic activity of I and 
II on Drosophila: the percents of sex-linked lethal mutations were 8,4 and 11,1, respectively, 


N-Hydroxymethylethyleneimine I and N,N'-methylene-bis-ethyleneimine Il, Ethyleneimine (6-20 g) was 


has no effect on the MR value). 


MR found 28,45, calculated 28,77, 


N 28,54, 


TABLE 


dissolved in dry ether or benzene (30-100 ml, respectively), Into the solution was passed a stream of formaldehyde, 
obtained by thermal depolymerization of paraform (one mole of formaldehyde to one mole of ethyleneimine), 

The temperature of the mixture was kept within the ranges given inthe Table, After removal of the solvent (when 
the reaction was carried out in ether, the residue was dried azeotropically with benzene), we obtained two pro- 
ducts: N-hydroxymethylethyleneimine with m, p, 19,1°, b, p. 45-48°/1 mm 55-56°/2 mm, 65-66°/3-5 mm: 

n™p 1.4548; 3p 1,050; MR found 18,99, calculated 19,32; (as is known [7], the stress in the ethyleneimine ring 


Found %: C 49,18, 49,38; H 9,38, 9.45; N 18,95, 19,12, C3H,ON, Calculated %: C 49,29; H 9,65; N 19,16, 
N,N'-Methylene-bis-ethyleneimine had b, p, 110-113°/1 mm 125-126°/2 mm; 1.4914; 1,000; 


Found %: C 61,22, 61,44; H 10,18, 10,40; N 28,16, 28.49, CsHjyN2. Calculated %: C 61,19; H 10,27; 


Ratio of Yields of I and II in Relation to Ethyleneimine—Formal- 
dehyde Reaction Conditions 


Solvent 


t, 


Reaction 
time, 
min 


Yield or ethylene- 


imine,* % 


I 


Benzene 
Ether 
Benzene 
Ether 


5-10 
20-35 
20-35 
20-70 


40 
15 
30 
60 


* The products partly polymerized during distillation, 


55.6 
42,7 
32.6 
25,3 


Product II was also obtained by condensation of I with ethyleneimine: To a solution of 4 g (0,055 mole) 
of I in 10 ml of dry benzene was added 2,36 g (0,055 mole) of ethyleneimine (spontaneous heating to 40°) and 
the mixture heated at 70° for 30 min, Removal of the solvent yielded 3,1 g of product (59.6% yield), 


II 
21,1 
41,3 
64,4 
3 


The addition of 2 g (0,027 mole) of I mixed with 4,1 g (0,055 mole) of absolute n-butanol to 1,26 g 
(0,055 mole) of finely divided metallic sodium in 10 ml of toluene yielded 0,5 g (42.5%) of ethyleneimine 
with b, p, 56°; 1.4136 (literature data b. p. 55-56%; 1.4130, 


Thiazolidine Ill, Hydrogen sulfide was passed into 150 m1 of absolute methanol until the increase in 
weight was 13 g and the solution was treated at —55° with a solution of 5.6 g of N-hydroxymethylethyleneimine 
Lin 20 ml of methanol, After the mixture had been stirred for 1 hr with cooling, it was left overnight at room 
temperature, We obtained 6,5 g (almost quantitative yield) of Ill with b, p, 45-46°/1,5-2 mm; f°D 1.5520, 


Found %: N 15,40, 15,60, C,H;NS, Calculated%; N 15,73, 


Treatment of III with hydrogen chloride in ether yielded the hydrochloride of HI with m, p, 180-182° 


(with decomp.). A mixed melting point with an authentic sample of thiazolidine hydrochloride [14] was not 
depressed, 
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We previously described the synthesis and properties of organotin methacrylates RsSsnOOCC(CH,) = CHa 
and RgSn[OOCC(CHs) = CHg} and polymers from them, which were mechanically strong, vitreous materials 
{1-3], These monomers copolymerized with unsaturated substances, 


To prepare aryllead methacrylates, we studied the reaction of triphenylplumbanol (CgHs),PbOH and di- 
phenylplumbanone (C,Hs)2PbO with methacrylic acid, As a result of these investigations we obtained a rep- 
resentative of the lead-containing methacrylates RgPb[OOCC(CHg) = CH], namely, diphenylplumbylene di- 
methacrylate (C,H;)gPb[OOCC(CH;)= CHg}, polymers from it, and also copolymers, These compounds have 
not been described in the literature; a patent [4] contains a brief mention of the possibility of a reaction of tri- 
methylbromoplumbane with potassium methacrylate, No description of the preparation method or properties 
of the products was given, 


Diphenylplumbylene dimethacrylate was synthesized analogously to the organotin derivative by the follow- 
ing reactions; 


R2SnO + = C (CHy) COOH R2Sn (OOCC = CHa)2, (1) 


(2) 


R2PbO + 2CH2 = C(CHs) COOH -+ R2Pb (OOCC (CHs) = CHe)2. 


However, in the reaction of triphenylplumbanol with methacrylic acid, we observed the very interesting 
fact that only diphenylplumbylene dimethacrylate (CgH;)gPb[OOCC(CH,) = CH,), was formed and not triphenyl- 
plumbylemethacrylate (CgH;);PbOOCC(CHg) = CH2, as was to be expected in analogy with the reaction of tri- 

arylstannols with methacrylic acid (3), which was established previously [1]. 


R3SnOH + HOOCC = CHz RsSnOOC (CHs) = (3) 


This was apparently due to the elimination of one phenyl group of triphenylplumbanol and its replacement 
by a methacryl residue (4), 


(CeHs)sPbOH + 2HOOCC (CHs) = CHz — (CeHs)2Pb (OOCC (CHy) = (4) 


The analogous reaction of triarylplumbanols with organic acids was confirmed on the example of their 


reaction with nicotinic acid, 
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Among the lead-containing methacrylates whose synthesis is possible by an analogous method, the most 
interesting is diphenylplumbylene dimethacrylate, which fs the most stable compound and is readily obtained 
by the given reactions, This monomer polymerizes and copolymerizes with unsaturated compounds, for example, 
methyl methacrylate, The copolymer of diphenylplumbylene dimethacrylate with the latter is a clear vitreous 

material with a softening point above 200°, The properties of the compounds obtained are being investigated, 


EXPERIMENTAL 


(CgHs)4Pb. Tetraphenylplumbane was obtained by the reaction of the Grignard reagent and plumbous chlo- 
ride by the method described previously [5] in a yield of 45.4% of theoretical, 


(CgHg)gPbClaud (CgHs)gPbCly, Passing gaseous hydrogen chloride through a chloroform solution of 19 g 
of tetraphenylplumbane at the boiling point formed triphenylchloroplumbane and a crystalline precipitate of 
diphenyldichloroplumbane, The chloroform layer contained triphenylchloroplumbane, We obtained 8,6 g of 


triphenylchloroplumbane (m, p, 203°) and 5,8 g of diphenyldichloroplumbane, The latter was difficultly soluble 
in chloroform and precipitated, 


Triphenylplumbanol (CgH),PbOH and diphenylplumbanone (C,H;)gPbO, Triphenylplumbanol was obtained 
by hydrolysis of triphenylchloroplumbane with a saturated alcohol solution of alkali, From 9,4 g (0,02 mole) of 
triphenylchloroplumbane we obtained 7,2 g of triphenylplumbanol, The yield was 80% of theoretical, (CgHs)s;PbOH 


was a crystalline substance that dissolved readily in hot benzene, alcohol, chloroform, and ether; it was insoluble 
in water, 


Found %: C 47,23, 47,35; H 3,34, 3.30, CyglygPbO, Calculated %: C 47.59; H 3,54, 


Hydrolysis of 8,6 g of diphenyldichloroplumbane, dissolved in a mixture of methanol and ethanol, with a 
saturated alcohol solution of alkali (2,1 g of KOH in 30 ml of ethanol) and subsequent dilution of the reaction 
mixture with water yielded 6,6 g of diphenylplumbanone as a voluminous white precipitate, The yield was 90% 
of theoretical, Diphenylplumbanone did not melt and was difficultly soluble in the usual solvents, 


(CgHg)gPb[OOCC(CHs)= CH,}: _ a) From diphenylplumbanone, Into a three-necked flask fitted with a 
stirrer were placed 11,3 g (0,03 mole) of diphenylplumbanone and 50 ml of water and 5,9 ml (0.07 mole) of 
freshly distilled methacrylic acid (b, p, 35°/2 mm) was added with stirring, The reaction mass frothed slightly. 
Stirring was continued for 2 hr and the mixture left overnight, The precipitated crystals were collected and 
washed with several portions of hot water (to remove residual methacrylic acid), We obtained 10,7 g of di- 
phenylplumbylene dimethacrylate (67% of theoretical), which was readily soluble in hot benzene and dioxane, 
less soluble in alcohol and ether, and ins~luble in water; it melted and polymerized when heated above 225°, 


Found %: C 45,41, 45,48; H 3,93, 3,91; Pb 38,53, 38.64, CooHa9PbO,, Calculated %: C 45,18; H 3.79; 
Pb 38,98, 


b) From triphenylplumbanol, Into a flask were placed 4,5 g (0,01 mole) of triphenylplumbanol, 30 ml of 
water, and 3,4 ml (0,04 mole) of freshly distilled methacrylic acid, The reaction products were heated at 60° 
for 2 hrwith continuous stirring and left overnight, The crystalline precipitate was collected, washed with several 
portions of hot water (30-40 ml), and dried to constant weight in a vacuum desiccator, Recrystallization from 
hot benzene gave 3,2 g of diphenylplumbylene dimethacrylate, The yield was 60,3% of theoretical, 


Polymerization of diphenylplumbylene dimethacrylate, To a solution of 2 g of diphenylplumbylene di- 
methacrylate in 30 ml of benzene was added about 0,1 g of benzoyl peroxide or azoisobutyronitrile, The reac- 
tion mixture was boiled for 3 hr, The benzene was then removed by distillation to concentrate the solution to 
1/3 of its volume, This formed a thick, viscous mass, which polymerized to a solid polymeric material when 
heated in a thermostat at 90-100° for 5 hr, 


Copolymerization of diphenylplumbylene dimethacrylate with methyl methacrylate, Into an ampoule 
were placed 10 g of diphenylplymbylene dimethacrylate, 10 g of methyl methacrylate, and about 0,1 g of 
benzoyl peroxide or azoisobutyronitrile, The charged ampoule was sealed and heated in a thermostate at 40- 

50° for 3 hr, at 60-70° for 3 hr, and at 120-130° for 106 hr, This yielded a solid, mechanically strong, slightly 
turbid copolymer, which decomposed above 180°, The specific impact strength of the sample was 18-19 kg/cm”, 
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Some thermomechanical properties of the sample 
obtained are given in the figure, The tests were carried 
out on a consistometer, The data obtained shows that 

5 the material is deformed appreciably only above 180- 
190°, The copolymer of diphenylplumbylene dimeth- 
acrylate and methyl methacrylate was very effective 
Fig. Thermomechanical properties of diphenyl- in stopping x-rays, 

plumbylene dimethacrylate— methyl methacryl- 
ate (1: 1) copolymers, 
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Thus, the reaction of triphenylplumbanol and di- 
phenylplumbanone with methacrylic acid yielded a 
lead-containing methacrylate, namely, diphenylplum- 
bylene dimethacrylate, It was established that diphenylplumbylene dimethacrylate (C,gHs)2Pb[OOCC(CHs) = CHa} 
polymerizes and copolymerizes with unsaturated monomers to form polymeric materials, 


The author is very grateful to Corresponding Member Acad, Sci, USSR M, F, Shostakovskii for interest in 
the work, 
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In previous articles [1] we described methods of synthesizing vinyl esters of phosphorous and phosphinous 
acids, based on the facile reaction of mercuribisacetaldehyde with appropriate halogen compounds of phosphorus, 
In all the cases studied, the reaction proceeded with transfer of the reaction center of the molecule, To extend 
the application of this reaction, we studied the action of acid chlorides of phosphoric and phosphinic acids on 
a-mercurated aldehydes and ketones, However, even the first experiments showed that in contrast to acid chlo- 
rides with trivalent phosphorus, acid chlorides with pentavalent phosphorus do not react with organomercury com- 
pounds in ether or benzene, The reaction did not occur either when acid chlorides of phosphoric and phosphinic 
acids were heated with mercurated oxo compounds in the absence of solvent, 


In a study of the properties of a-mercurated aldehydes and ketones, it was established that salts (NaI, KCl, 
etc,) readily cleave the metal—carbon bond in these compounds [2], We subsequently made use of this observa- 
tion for the synthesis of vinyloxysilanes [3], Alkylchlorosilanes, which do not react directly with mercurated al- 
dehydes and ketones, reacted readily as pyridine salts, 


We studied the same variant in the case of acid chlorides of acids containing pentavalent phosphorus, The 
salt formed by dissolving the acid chloride of the phosphoric or phosphinic acid in pyridine reacted readily, even 


in the cold, not only with full organomercury compounds (for example, mercuribisacetaldehyde), but also with 
organomercury salts of ketones 


CH; 
+. 


(RO)sP (O) CIHgCH,COCHs (RO)sP (O) (oc 4 
/ 


to form the phosphoric or phosphinic ester with the enol form of the carbonyl compound, 


The reaction we discovered makes it possible to prepare phosphoric esters with one, two, and three un- 
saturated groups and phosphinic esters with one and two unsaturated groups, The yield reached 50-85%, We 
applied this reaction to a -mercurated derivatives of acetaldehyde, acetone, diethyl ketone, cyclopentanone, 
and cyclohexanone and the following halogen compounds of phosphorus: methyl, ethyl, and butyl dichlorophos- 


phates, diethyl and dibutyl chlorophosphates, ethylphosphinic chloride, ethoxyethylphosphinic chloride, and 
phosphorus oxychloride, 


The isolation of the enol esters from the reaction mixture in the presence of mercury salts was extremely 
difficult due to polymerization and tar formation produced by these salts, The following method was used to 
remove the mercury salts; The bulk of the mercury salts, which precipitated as a complex with pyridine at the 


end of the reaction was removed by filtration and hydrogen sulfide was passed through the filtrate in the presence 
of excess pyridine, 


HgCl, + H2S + 2CsHsN- HgS + HCl 
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The mercury sulfide and pyridine hydrochloride were removed by filtration and the filtrate distilled, The yields 
and constants of the enol esters obtained are given in the table, 


EXPERIMENTAL 


1, Preparation of diethyl pent-3-en-2-yl phosphate, A solution of 35,2 g (0,11 mole) of «-chloromer- 
curidiethy] ketone in 50 ml of dry pyridine was cooled to 0° and 17,2 g (0,1 mole) of diethyl chlorophosphate 
in 20 ml of absolute ether added with stirring; after the mixture had been stirred for 1.5 hr, 150 ml of absolute 
ether was added, The crystalline precipitate was removed by filtration and dry hydrogen sulfide passed through 
the filtrate to decompose mercury salts, The precipitate was removed and the ether and the pyridine distilled 
from the filtrate, Vacuum distillation of the residue yiel:! «| 18 g (84% of theoretical) of diethyl pent-3-en-2-yl 
phosphate, 


2, Preparation of ethyl dicyclopent-1-enyl phosphate, A solution of 65 g (0,21 mole) of a-chloromer- 
curicyclopentanone in 100 ml of pyridine was cooled to 0°, With stirring, 16,3 g (0,1 mole) of ethyl dichloro- 
phosphate was added to the reaction mixture, which was then stirred for 1,5 hr, Then 200 ml of ether was added, 
the crystalline precipitate removed by filtration, and dry hydrogen sulfide passed through the filtrate, After re- 
moval of the precipitate, the solvent and pyridine were removed by distillation and the residue was vacuum dis- 
tilled, We obtained 19,1 g (74% of theoretical) of ethyl dicyclopent-1-enyl phosphate, 


3, Preparation of tripent-3-en-2-yl phosphate, A solution of 105.6 g (0,33 mole) of « -chloromercuridi- 
ethyl ketone in 120 ml of pyridine was cooled to 0° and 15,3 g (0.1 mole) of phosphorus oxychloride in 20 ml 
of ether added with stirring and the reaction mixture stirred for a further 2 hr, Then 200 ml of absolute ether 
was added, The crystalline precipitate was removed by filtration and dry hydrogen sulfide passed into the filtrate, 
After removal of the precipitate, the ether and excess pyridine were removed by distillation and the residue was 
vacuum distilled, We obtained 23 g (76% of theoreticai) of tripent-3-en-2-yl phosphate, 


4, Preparation of ethyl isopropenyl ethylphosphinate, In 70 ml of dry pyridine was dissolved 32,2 g 
(0,11 mole) of chloromercuriacetone, The mixture was cooled to 0° and 15,6 g (0,1 mole) of ethoxyethylphos- 
phinic chloride in 20 ml of absolute ether added with stirring, The mixture was stirred for 1,5 hr and then 150ml 
of absolute ether was added, The crystalline precipitate was removed by filtration and dry hydrogen sulfide 
passed into the filtrate, The precipitate was removed, the ether and excess pyridine were removed by distilla- 


tion, and the residue was vacuum distilled, We obtained 13,7 g (77% of theoretical) of ethyl isopropenyl ethyl- 
phosphinate, 


5, Diisopropenyl ethylphosphinate, A solution of 64,4 g (0,22 mole) of chloromercuriacetone in 100 ml 
of pyridine was cooled to 0°, 14,7 g (0,1 mole) of ethylphosphinic chloride in 20 ml of absolute ether added with 
stirring, and the mixture stirred for 2 hr, Then 150 ml of absolute ether was added, the crystalline precipitate 
removed by filtration, and dry hydrogen sulfide passed into the filtrate, After removal of the precipitate, the 
ether and excess pyridine were removed by distillation, and the residue was vacuum distilled, We obtained 12,2g 
(64% of theoretical) of diisopropenyl ethyl phosphinate, 


6, Preparation of trivinyl phosphate, A solution of 45 g (0,15 mole) of mercuribisacetaldehyde in 100 ml 
of pyridine was cooled to 0°, 15,3 g (0,1 mole) of phosphorus oxychloride added with stirring, and the mixture 
stirred for 1.5 hr, Then 150 ml of absolute ether was added and the crystalline precipitate of the pyridine com- 
plex of mercuric chloride removed by filtration, Dry hydrogen sulfide was passed into the filtrate, the precipitate 
removed, the ether and pyridine removed by distillation, and the residue vacuum distilled, We obtained 15,2 g 
(86% of theoretical) of trivinylphosphate, 
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There is very little information in the literature on the chalcides of niobium, The tellurides and selenides 
of niobium have not been studied, There is only a report [1] that niobium selenide is obtained by the direct re- 
action of elementary niobium and selenium, Niobium sulfides have been studied in more detail, Biltz and 
K6cher [2] studied the system niobium—sulfur tensimetrically and by x-ray diffraction and detected the com- 
pound Nb2S3, which dissolved sulfur right up to the composition NbS,, and the compound NbS, which dissolved 
niobium to the composition NbSo,5. 


In this system, Hagg and Schonberg [3, 4] found the two phases NbS and NbS, with narrow regions of homo- 
geneity, the exact limits of which were not established, but the crystal lattices of these compounds were studied 
in detail, The phase NbS is noteworthy as, depending on whether there is excess of niobium or sulfur relative 


to a 1:1 ratio, its structure changes from the WC type to the NiAs type, The phase NbS, crystallizes in a lattice 
similar to CdCl», 


We investigated the system niobium—tellurium, Preparations with different contents of niobium and tel- 
lurium were produced by sintering ground powders of niobium and tellurium (the niobium of 99,8% purity con- 
tained traces of Fe, Ta, Al, and Si, while the tellurium was of 99.99% purity), Weighed amounts of the sub- 
stances were placed in quartz ampoules, which were pumped out to 10™* mm Hg and sealed, The ampoules were 
kept at 900° for 700 hr and then cooled to room temperature over a period of 350 hr, Some preparations formed 
quite large crystals, which were sometimes several millimeters in size, but most samples were gray or black 
powders, The ampoules were opened in air and samples containing 20-30 at.% of tellurium thereupon evolved 
appreciable heat, However, samples prepared in parallel, which were opened in benzene or acetone and in- 
troduced into capillaries under a layer of organic liquid, gave x-ray diffraction patterns which were the same 
as those for samples opened in air, Some ampoules in which samples containing more than 60 at, % of niobium 
were sintered were covered with a very thin white film on the inside, This was apparently the result of a reac- 
tion of niobium and quartz [5], The compact deposit obtained remained on the walls of the ampoule and the 
main mass was readily separated from it, The amount of deposit was insignificantly small and could not ap- 
preciably change the composition of the preparation, 


The preparations obtained differed from each other in tellurium content by 2-3 at, %, 


The x-ray diffraction of the samples was studied with copper radiation, We also measured their electrical 
conductivity and thermal emf, 


The samples for x-ray diffraction study were prepared mainly by deposition of the powder with liquid 
Zapon lacquer on a thin pyrex glass fiber, which did not contain heavy atoms, The x-ray diffraction investiga- 
tion was carried out in an RKD* camera with a diameter of 57,3 mm, The film was inserted asymmetrically, 


* The camera was made in the Physics Scientific Research Institute of Moscow State University, 
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Fig. 1. Line diagrams of preparations from the system niobium—tellurium 
[weak lines (intensities of 1-2 scale units) are not given], 
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Fig, 2, Composition dependence of specific Fig, 3, Composition dependence of the 
electrical conductivity in the system nio- thermal emf in the system niobiem— 
bium=—tellurium, tellurium, 


Measurements on the powder x-ray patterns were made with a comparator with an accuracy of 0,05 mm, The 
intensity of the diffraction lines was estimated visually relative to a scale of ten, 


Comparison of the line diagrams for the niobium—tellurium system revealed three phases of variable com- 
position with wide regions of homogeneity, 


a-Phase, Lines characterizing the a-phase appeared on powder x-ray patterns of preparations containing 
even less than 5 at, % of tellurium, The presence of metallic niobium was detected on powder x-ray patterns 
up to the composition NbTeéo,45 (13 at, % of tellurium), With further addition of tellurium, the lines correspond- 
ing to niobium disappeared while the lines of the a-phase remained, The diffraction pattern of the a -phase 
alone was obtained on powder x-ray patterns of all preparations containing from 15 to 48 at, % of tellurium, 
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B-Phase, The diffraction pattern of preparations 

wre al 2 jal containing 50 and more at. % of tellurium was quite dif- 

is ™ ferent from that of the a-phase, It should be noted that 

some reflections belonging to the 8-phase appearedeven 


on powder x-ray patterns of preparations containing 48 
Fig, 4, Phase boundaries in the system nio- Prion 
bium—tellurium (20°), remained unchanged right up to ompo 1.70 


(63 at, % of tellurium), 


y7Phase, The diffraction lines on powder x-ray patterns of a preparation containing 65 at, % of tellurium 
which did not belong to the 6-phase formed the main pattem on the x-ray powder pattern of a preparation con- 
taining 66,67 at, % of tellurium, However, the powder x-ray pattern of this preparation contained many lines, 
though weak ones, belonging to the 8-phase, Together with a black powder, this preparation contained acicular 
crystals, When taken separately, the powder gave a diffraction pattern characteristic of a mixture of B- and 
y -phases, while when the acicular crystals were separated and powdered, they gave a diffraction pattern which 
belonged solely to the y -phase, Consequently, the preparation containing 66,67 % of tellurium consisted of 


two phases, namely, the B- and y-phases, With further addition of tellurium, the lines belonging to the 6 -phase 
disappeared completely, 


Over the range of compositions from 70 to 80% teliurium, the diffraction pattern did not change and be- 


longed to the y -phase alone, Powder x-ray patterns of preparations containing more than 80 at, % of tellurium 
showed lines belonging to elementary tellurium, 


For measurement of the electrical conductivity and thermal emf, the preparations were ground to fine 
powders and then passed under a pressure of 13,000 kg/cm, For a uniform distribution of density, the samples 
were subjected to the above pressure for 3 min, We obtained tablets with a metallic lustre and a considerable 
mechanical strength, which were 4 mm in diameter and about 15 mm long, The electrical conductivity and 
thermal emf of the samples were measured on an apparatus, which was a somewhat modified version of that 


described by Middleton and Scan’on [6], For the measurements, we used PPTV-1, PPTN-1 and PP potentiom- 
eters, 


The electrical conductivity was measured by a probe method, The probes were iris diaphragms oc” tanta~ 
lum, which firmly gripped the pressed cylindrical sample and guaranteed good contact, 


The thermal emf was measured with respect to both chrome] and alumel, The difference in these meas- 
urements was always about 41 yv/deg, which cotresponds well to the differences in thermal emf of chromel and 
alumel with respect to lead (41,3 yv/deg[7]), The thermal emf values of the samples we measured were also 


recalculated relative to lead, The cold end of the sample was at 20°, The temperature difference between the 
cold and hot ends was from 10 to 80°, 


The electrical conductivity and thermal emf of pressed powdered substances are affected both by im- 
purities and by the conditions of preparing the samples for measurement, Therefore, the values we found for 

the specific electrical conductivity and thermal emf are not specific for niobium tellurides, To guarantee re- 
producibility of the measurements and the possibility of comparing them, the samples were prepared from the 


same starting materials under the same conditions, This made it possible to compare the electrical properties 
of preparations of the system niobium—tellurium, 


The composition dependence of specific electrical conductivity is given in Fig, 2, where the composition 
of the samples in atomic percents of tellurium is plotted along the abscissa axis and the logarithm of the elec- 
trical conductivity along the ordinate, As this figure shows, the two-phase regions ofa +6, 8 +y, andy + Te 
are represented by straight lines (the phase boundaries, found by x-ray diffraction, are shown by broken lines), 
In the region where the y -phase exists, the curve shows a shallow minimum close to the composition NbTe3. 


In the case of the 6 -phase, the specific electrical conductivity gradually increased from a preparation with 
50 at, % of tellurium to one with 63 at, % of tellurium, The preparation with the over-all composition NbTe, 
was two-phase, The region with a high niobium content is not given in Fig, 2 as the specific electrical con- 
ductivity in this region changed considerably and irregularly from experiment to experiment, This may have 
been the result of surface oxidation of finely dispersed preparations of the «-phase (some samples with these 
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compositions evolved heat when the ampoules were opened), The oxide film on the crystal surface, which 
changes the electrical conductivity so strongly, was apparently present in a very small amount and therefore 
could not affect the results of the x-ray investigation, 


Figure 3 shows the composition dependence of the thermal emf of pressed samples, The thermal emf in 
uv/deg relative to lead is plotted along the ordinate axis, Broken lines show the phase boundaries, determined 


by x-ray diffraction, The region of compositions corresponding to the & -phase is not given due to poor re- 
producibility, 


The numerical values of the specific electrical conductivity and thermal emf indicate the polymetaliic 
nature of the chemical bond in niobium tellurides, 
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DECOMPOSITION OF SOME VINYL ETHERS AND 


1,4-DIOXANE BY BUTYLLITHIUM 


K, E, Piotrovskii and M, P, Stotskaya 


S. V. Lebedev All-Union Scientific Research Institute of Synthetic Rubber 
(Presented by Academician A, N, Nesmeyanov, June 28, 1960) 

Translated from Doklady Akademii Nauk SSSR, Vol, 135, No, 4, pp. 868-870, 
December, 1960 

Original article submitted June 27, 1960 


In 1910, P. P, Shorygin discovered the decomposition of ethers by organosodium compounds, w hich proceeds 
according to the following scheme [1]: 


Comparatively recently a study was begun of the reaction of ethers with organolithium compounds [2-5], 


In the work of Wittig and Harborth [6] there is a report that acetylene was detected among the reaction 
products from phenyllithium and some vinyl ethers, The authors did not give data on the quantitative deter- 
mination of the acetylene, We undertook an investigation of the reaction of vinyl ethers (ethyl and isopropyl 
vinyl ethers) and 1,4-dioxane with butyllithium, Acetylene was detected in the gaseous products from the de- 
composition of all three compounds given (see table), Butyllithium was synthesized by the reaction of butyl 
chloride with lithium in benzene (benzene suitable for cryoscopic determinations), 


All operations in the synthesis, analysis, and measurement of solutions of butyllithium were carried out 
in a stream of oxygen- and moisture-free nitrogen, The butyllithium solution was stored in a Schlenk vessel 
under nitrogen, For the work we used 0,6-0,.8 N solutions of butyllithium, 

For the work we used 0,6-0,.8 N solutions of butyllithium, The esters and dioxane were washed carefully 


(the dioxane was also freed from peroxides), dried over sodium hydroxide, distilled, and dried over metallic 
sodium, 


The ethers and dioxane were decomposed in an apparatus consisting of a three-necked flask with a reflux 
condenser and fitted with a thermometer and a syphon with a tap for introducing butyllithium solution into the 
flask and nitrogen was passed through it periodically during the decomposition to stir the reaction mixture, The 
top of the condenser was connected to a three-way head with a dropping funnel and two taps, one of which was 
connected to a gasometer and the other to a vacuum pump, The dropping funnel ended in a long glass tube, 
which passed through the whole of the condenser, Ether and dioxane were introduced into the reaction mixture 
from the dropping funnel, For the removal of traces of moisture and air from the system, before an experiment, 


the apparatus was carefully evacuated with an oil pump with heating and gradual cooling, The apparatus was 
filled with nitrogen, 


After the decomposition, the apparatus was flushed with nitrogen carefully to displace all the gaseous 
reaction products from the reaction medium and the system into the gasometer, The acetylene was determined 
quantitatively by a known procedure based on argentometry [7], At a given time from the beginning of de- 
composition, the reaction mixture was treated with ethanol, 


Analysis showed that the bulk of the acetylene was liberated during precisely this treatment, Thus, in an 
experiment on the decomposition of vinyl ethyl ether with butyllithium, 1.7 mg of acetylene was liberated in 
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TABLE 


Results of Experiments on the Decomposition of Vinyl Ethers and 1,4-Dioxane with Butyl- 


lithium 
Acetylene found in | Decompositi 
Decom- | Reagents used, decomposition on ace ylene, % 
Ether mole _|products 
ether | Tithtum! | mole ether _| Tithtum 
Vinyl ethyl « 3 0,0417| 0,0595 | 8,35] 0,0003 0,7 1,5 
5 0,0417| 0,0640 | 48,20 0,0018 4,3 9,1 
7 0,0417| 0,0640 | 84,8 0,0033 7,9 16,6 
Vinyl iso- 
propyl « 0,0174| 0,0400 | 44,5 0,0017 9,6 13,1 
5 0,0174) 0,0400 |55,5 0,0021 12,4 16,5 
7 0,0174| 90,0400 | 64,6 0 ,0025 14,4 19,23 
1,9 0,0469} 0,0835 | 55,2 0,0024 4,6 10,4 
1,4-Dioxane * 3 0,0469} 0,0835 | 73,3 0,0028 9,9 13,2 
5 0,0469| 0,0835 | 93,68 0,0036 


* Vinyl ethyl and vinyl isopropyl ethers were decomposed at 60° and 1,4-dioxane at 70°, 


3 hr and 8,35 mg of acetylene was collected after the reaction mixture had been treated with ethanol, On the 


basis of this observation, the decomposition of the vinyl ethers by butyllithium in the general form may be rep- 
resented by the following scheme: 


R’ —O—CH = CH, + LiR R’—O—Li + CH =CH 4+ RH, 
CH = CH + 2LiR — LiC = CLi + 2RH. 


The acetylene formed by the reaction of butyllithium with the vinyl ether reacted with butyllithium to 
form the acetylide, which was decomposed to liberate acetylene when the reaction mixture was treated with 
alcohol, In studying the reaction of 1,4-dioxane with butyllithium, in addition to determining the acetylene 
quantitatively, we also demonstrated that the reaction products contained dilithium glycolate by treating the 
reaction products with benzoyl chloride and then isolating and identifying ethylene glycol dibenzoate, 


It had the following constants; melting point 70-71° (according to literature data [8]: 73-74°); molecular 
weight: calculated 270,29; from ester number 265.4, found cryoscopically 260.1, 


In addition, butane was found in the gaseous products after decomposition of the reaction mixture with 
alcohol, 


The combined experimental data make it possible to represent the decomposition of 1,4-dioxane by butyl- 


lithium by the following scheme, which includes the formation of a vinyl ether derivative as an intermediate 
compound; 


— CHe 


a) O 0+ Gh, —0~ Gi + 
NCH, — CH; 


b) = CH, — + 
-+-CH =CH + RH, 
c) HC=CH + 2LiR > LiC =CLi-+ 2RH. 


On the basis of the data obtained, it is possible to give a very probable explanation for the known [9] 
regulation by vinyl ethers and 1,4-dioxane of the molecular weight during polymerization of dienes by alkali 
: metals or their organic compounds, In this case, the growing polymer chain is in actual fact an organic com- 
4 pound of alkali metals and by reacting with vinyl ethers and 1,4-dioxane, forms acetylene, The latter reacts 
with active centers of the growing chain and deactivates them, forming products of lower molecular weight, 
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The data obtained on the decomposition of 1,4-dioxane by butyllithium also indicate that dioxane is un- 
suitable as a solvent in the synthesis and storage of organolithium compounds, 
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n-PARAFFINS OF THE KEROSENE FRACTION OF KARAMAI 
PETROLEUM FROM CHINA 
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I, A, Musaev 


Institute of Petrochemical Synthesis, Academy of Sciences of the USSR 
Translated from Doklady Akademii Nauk SSSR, Vol, 135, No, 4, pp, 871-874, 
December, 1960 

Original article submitted July 14, 1960 


In connection with the rapid development of industrial organic synthesis, the study of petroleum hydro- 
carbons is acquiring real importance, The n-paraffin content of petroleums is quite large and they could be a 
potential raw material for the synthesis of higher alcohols and other organic intermediates, One method for 
isolating n-paraffins from petroleum fractions is the carbamide method, which has been studied widely and in 
detail [1-13], In recent years many investigators have used the carabamide method for isolating n-paraffins 
from kerosene-gasoline fraction of petroleum, By combining this method with fractionation, the authors were 
able to isolate n-paraffins in a high degree of purity (90-99 mol, %) [14-19]. 


In the present investigation we used the carbamide method and vacuum distillation for the quantitative 
determination of n-paraffins in the kerosene fraction (175-300°) of Karamai petroleum from China, The Karamai 
petroleum was taken for investigation directly from a Triassic deposit from drilling No, 15 at a depth of 549 m, 


To obtain the kerosene fraction (175-300°) in an unchanged form, we first removed the gasoline from the 
petroleum on a single-stage evaporation apparatus, which removed the fraction boiling up to 175°, and the de- 
gasolined part of the petroleum was treated by the method of M, A, Kapelyushnikov and T, P, Zhuze [23] for 
the successive removal of asphalt and tar, The remaining petroleum was vacuum distilled to give kerosene 
(175-300°) and gas oil (300-350°) fractions, 


The aromatic hydrocarbons were isolated from the kerosene fraction by chromatography on ASM grade 
silica gel with a grain size of 80-200 mesh in a three-meter, two-stage column, The properties of the kerosene 
fraction and the aromatic and naphthene-paraffin parts isolated from it are given in Table 1, 


The naphthene-paraffin part of the kerosene fraction was then treated with solid urea under the following 
conditions, Into a round-bottomed flask with a metal stirrer were placed 1 kg of urea, 150 g of distilled meth- 
anol, 300 ml of isooctane, and 1 kg of naphthene-paraffin fraction, The mixture was stirred vigorously for 1 hr, 
The urea complex formed was then collected by filtration, pressed out, and washed three times with isooctane 
saturated with urea, The complex obtained was decomposed with hot water in a separating funnel, The upper 
hydrocarbon layer was separated and dried with calcium chloride, After removal of the solvents by distillation, 
the hydrocarbons, which were yellow, were purified by passage through ASM silica gel (80-200 mesh), 


Thus, from 4015 g of naphthene-paraffin part of the kerosine fraction, we isolated 269.6 g of a mixture 
of n-paraffins, whose properties are given in Table 2, 


For the isolation of individual n-paraffins, the mixture of n-paraffins was distilled at 10 mm on a frac- 
tionating column (140 x 14 mm) with an efficiency of 100 theoretical plates, The distillation curve and the 
characteristics of the fractions thus obtained are shown in the figure and Table 3, 
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TABLE 1 


Characteristics of Kerosene Fraction and Aromatic and Naphthene-Paraffin Parts 


Iodine Mol, Solid Aniline |Fraction content, wt, 
number weight | paraffin| pcint oy 
0 0 
sene leum 
Kerosene 175-300° | 1,4557 0,8212 6,2 198 — 62 73.0 100 15,2 
Aromatic 1,5257 0.9244 34,0 185 10,2° 1,55 
Naphthene- 
paraffin 1.4468 0.8078 1,0 205 — 66 18,7 88,2° 13,4 


* In the chromatographic separation, the intermediate fraction and losses represented 1,6% on kerosene, 


TABLE 2 
Mol. | Max. | Solid, | Qualitative [Fraction content, wt, % 
ffi 
weight} aniline} paraffin | reaction on naph- | on kero- on petro- 
Fraction point, 
°C thene- sene leum 
Cc 
paraffin 
Mixture of 
n-paraffin |1,4262 |0,7578) 204 86,3 —16,5 6.7 5.9 0,90 
Naphthene- below 
isoparaffins} 1.4475/0,8088] 199 17,9 72 neg, 93,3 82,2 12,5 


* The qualitative reaction was carried out with a saturated solution of urea in methanol, 
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Fig. 1, 1) d?; 2)nB; 3) boiling point; 4) maximum aniline point; 5) initial 
crystallization point. 
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The individual n-paraffins obtained had a purity of 91-99 mol, % with the exception of hexadecane, 


Figure 1 and Table 3 show that the mixture of n-paraffins isolated from the naphthene-paraffin part of 
kerosene by means of urea consisted of 66% paraffins with normal structure and 31% hydrocarbons with iso struc- 
ture, which were concentrated in the intermediate fractions, 


The content of separate n-paraffins differed strongly from one to another, They were distributed in the 
kerosene fraction (175-300°) in the following way (in %): 0,24, Cyy 0,63, 0.97, 1.00, Cyg 0.67, Cog 
0,27, Cyg 0,12, Dodecane and tridecane represented 50% of the total n-paraffins and decaneand hexadecane rep- 
resented only 6 and 3% respectively, 
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Original article submitted June 18, 1960 


One of the most important groups of antibiotics is the penicillins, which are heterocyclic acids of the 
general formula (1). 


S 
RCONH —CH  ‘C(CHy)g 
| | | (1D) 
co N—CH — R’ 
R= CaH;Cl Io, R’ = COOH 


They have been studied in detail both biologically and chemically, but a number of problems on the rela~ 
tion of their biological action to structure have not yet been investigated, In particular, there are few data on 
the importance of the free carboxyl group and the biological activity of compounds in which it is replaced by 
other groupings, It has been established that methyl, ethyl, and other esters (I, R' = COOAIk) are inactive in 
vitro, while their activity in some animal organisms is associated with hydrolysis to free acids, The most readily 
hydrolyzed are the N,N-diethylaminoethyl ester of benzylpenicillin (I, R = CgHsCH2, R' = COOCH,CH,N(C Hs) 9) 
and analogous compounds and as a result they are used in medicine. The highest antibacterial activity is shown 
by unsubstituted amides of benzylpenicillin (I, R = CgHs;CH, R' = CONH,) and phenoxymethylpenicillin (I, R = 

= CgH;OCH2, = CONHg) and also the pheny! hydrazide of phenoxymethylpenicillin (I, R= CgHsOCHg, = 
= CONHNHCgH;), On the other hand, no antibacterial properties at all are shown by various substituted amides 
of penicillin (I, R = CgHsCH;, CsH;OCH2, R' = CONHCH2CgH;, CONHC7Hj, etc,), including the carboxyanilide 
of phenoxymethylpenicillin (I, R = CgH;0CH2, R' = CONHCgH,COOH-p), which has a free carboxyl group, 


In the present work we describe the preparation and some of the properties of previously unknown nitriles 
of benzylpenicillin (I, R = CgHsCH2, R' = CN) and phenoxymethylpenicillin (1, R = CgH;0CH2, R' = CN), As the 
starting material for their preparation we chose the corresponding amides (I, R = CgHsCH2, CgH;OCHg; R' = CONH2) 
which were prepared by procedures described previously [1, 2], Additional study of the amide of phenoxymethyl- 
penicillin obtained showed that it is capable of forming stable solvates with 1 mole of ethanol and 1 mole of 
dioxane, which are crystalline substances with melting points of 98° and 133-135’, respectively, 


Found %: C 55,15; H 6,78; N 10,62, CygHygNg04S *CyH,O. Calculated %: C 54,98; H 6,39; N 10,6, 
Found %: C 54,84; H 6,46; N 9,62, CygHygN30,S*C4HyO2. Calculated %: C 54,9; H 6,21; N 9.6, 


When recrystallized from chlorobenzene, the amide of phenoxymethylpenicillin was isolated in a solvent- 
free state as prisms with m, p, 158-159°, Its biological activity was 100 units/mg, 


Found %: C 54,93, 55,19; H 5,52, 5,78; N 12,12, 11,82, CygHygNgS. Calculated %: C 54,98; H 5,48; 
N 12,03, 


* A. V. Uvarov determined the infrared spectra of the substances described in this communication, 
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Analogous behavior was shown by the amide of benzyl- 
penicillin, which also formed a solvate with 1 mole of dioxane 
with m, p, 112-114°, When recrystallized from chlorobenzene, 
the amide of benzylpenicillin was isolated in a solvent-free state 
as rhombohedra with m, p, 160-161°, As is known [3, 4], phen- 
oxymethylpenicillin is relatively stable in an acid medium. There- 
fore, the first attempts to prepare nitrile were made with the 
amide of phenoxymethylpenicillin by dehydrating it with P,Os, 
(CHgCO),0 andMg(ClO,), in various solvents, Depending on 
the nature of the reagent, the reaction time was varied from 0,5 


Fig. 1, Effect of temperature (I) to 24 hr, When the reaction was carried out in the presence of 
and reaction time (II) on the yield P20, and (CH,CO)20, there were extensive changes in the amide, 
of phenoxymethylpenicillin nitrile. which were indicated by the appearance of an intense color of 


the reaction mixture and the loss of the capacity to be titrated 
iodometrically under conditions for determining penicillins, 


The use of Mg(C10,4), did not give positive results either,as the bulk of the amide remained unchanged 
even after prolonged heating with this reagent in chlorobenzene, We therefore began a study of the dehydration 
of the amides with p-toluenesulfonyl chloride in the presence of pyridine [5], This method has yielded, in parti- 
cular, the nitriles of 7-chlorotetracycline and 5-hydroxytetracycline [6], However, the procedure used in the 
latter case was found to be unsuitable for the preparation of penicillin nitriles as pencillin amides did not react 


under these conditions, For determining the optimal conditions, the dehydration was carried out at temperatures 
from 3 to 70°, 


Figure 1, I shows that the nitrile yield increased with a rise in temperature, Therefore, the reaction was 
subsequently carried out at 67-69°, For determining the optimal reaction time, it was carried out at this tem- 
perature (ratio of amide, p-toluenesulfonyl chloride, and pyridine of 1: 3,75: 20,2) for periods of 5 to 70 min, 
As Fig, 1, II shows the best nitrile yield was obtained with a reaction time of 30 min, 


Thus, the optimal conditions for the preparation of phenoxymethylpenicillin nitrile were 30 min at 67-69", 
Benzylpenicillin nitrile was obtained by the same procedure but under milder conditions (see Experimental), The 
compounds obtained showed weak biological activity: benzylpenicillin nitrile had 70 units/mg and phenoxy- 
methylpenicillin nitrile had 10 units/mg. The nitriles obtained under these conditions retained the thiazolidine- 
B-lactam bicyclic system characteristic of pencillin, as was indicated by analysis data and the capacity for 
iodometric titration under conditions for determining penicillin amides [2], For a more strict demonstration of 
the presence of a nitrile group in the compounds obtained, we studied their infrared spectra and compared them 
with the spectra of the corresponding amides (Fig. 2). The spectra were recorded on an IKS-14 double beam 


spectrophotometer with a NaCl prism, All samples were investigated in the crystalline state as a paste in vase- 
line oil, 


The spectra presented show an extremely intense band with a frequency of the order of 1790-1802 cm”, 
which, according to literature data, is characteristic of the carbonyl of a 6-lactam ring [7, 8]. 


The spectra of the nitriles (Fig, 2, 1, 2) showed maxima at a frequency of 2240-2242 em™!, This absorp- 
tion band was absent in the case of the amides, The detection of this band in a spectrum is known to be suffi- 
cient grounds for stations that thecompound contains a nitrile group [8]. Its low intensity was caused by the effect 
of oxygen-containing groups, in particular, the carbonyl of the 8-lactam ring of the molecule, For more clear 
identification of the nitrile group, the nitriles obtained were converted into the B-nitrile of benzylpenicilloinic 
acid and the 6 -nitrile of phenoxymethylpenicilloinic acid (II, R = CgH;CH2, CgH;OCHg), respectively, 


S 
R — CONH -- CIT — HC C (Cl 


(II) 


| 
COOH NH—CH--CN 


The absorption bands of the nitrile group appeared more clearly in the spectra of these compounds (see 
Fig. 2, 3, 4). 
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Fig, 2, Infrared spectra of benzylpenicillin nitrile (1), phenoxymethylpenicil- 
lin nitrile (2), the nitrile of benzylpenicilloinic acid (3), the nitrile of phen- 
oxymethylpenicilloinic acid (4), benzylpenicillin amide (5), and phenoxy- 
methylpenicillin amide (6), 


EXPERIMENTAL 


The dehydration was carried out in absolute pyridine, A freshly prepared solution of p-toluenesulfony] 
chloride in pyridine was added slowly with stirring to a solution of the amide in pyridine, The reaction tem- 
perature was then raised to the given value and the reaction mixture stirred for 20-30 min, At the end of the 
reaction the mixture was poured into ice water, The precipitate was collected, washed with water, dried, and 
recrystallized from an appropriate solvent, 


Reaction of phenoxymethylpenicillin amide with p-toluenesulfonyl chloride in pyridine. To 1 g of amide 
(0.00286 mole) in 3,0 ml of pyridine at 66-68° was added 2,04 g (0,011 mole) of p-toluenesulfonyl chloride in 
1,7 ml of pyridine (a total of 4,7 ml, 0.0576 mole of pyridine), The reaction mixture was then stirred at this 
temperature for 30 min, cooled to 20°, and poured into 18 ml of ice water, The precipitate was collected, 
washed carefully with water, and recrystallized from ethanol, The yield was 0,45 g (47%) and the m, p, 97-98”, 
The crystals appeared as needles and the biological activity was 10 units/mg. 


Found %: C 58,22; H 5,5; N 12.8, CygHjzN303S, Calculated %: C 58,17; H 4,88; N 12,71, 


Reaction of benzylpenicillin amide with p-toluenesulfonyl chloride in pyridine, Benzylpenicillin nitrile 
was obtained by the above procedure with the same ratio of components, The reaction temperature was 62-63° 
and the reaction time 20 min, After the product had been recrystallized from ethanol, the yield of nitrile was 
20%, the m, p, 142-143°, the crystals appeared as elongated prisms, and the biological activity was 70 units/mg. 


Found %: C 60,90; H 5,57; 13,33, CygH,zN,O2S. Calculated %: C 60,94; H 5.42; 13,31, 


Preparation of the nitrile of phenoxymethylpenicilloinic acid, A 0,1 g sample of phenoxymethylpenicillin 
nitrile was treated with 12 ml of 0,05 N NaOH with a solution pH of 12,0, The suspension was left at room tem- 
perature for 3 hr and then the reaction mixture was filtered, and the solution acidified to pH 1,8-2.0 and left 
for a day in a refrigerator, The precipitate was collected, washed with water, dried, and recrystallized from 
methanol, The yield was 0,062 g (59%) and the m, p, 68°, The nitrile of benzylpenicilloinic acid was obtained 
analogously, 


The authors would like to thank E, N, Druzhinina for determining the biological activity of the compounds 
described and F, M, Meller for the microanalyses, 
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TETRAHYDROPYRIDAZINES p-BIPHENYLYLC YCLOBUTANE 


Yu. S. Shabarov, N. I. Vasil’ev, N. K. Mamaev, 
and R, Ya. Levina 


M. V, Lomonosov Moscow State University 

(Presented by Academician A, N, Nesmeyanov, June 23, 1960) 

Translated from Doklady Akademii Nauk SSSR, Vol. 135, No, 4, pp, 879-882, 
December, 1960 

Original article submitted June 22, 1960 


The only known method which is suitable for the synthesis of 3-aryl-1,4,5,6-tetrahydropyridazines (II) is 
the hydrolysis of adducts (I) of 1-arylbutadienes and azodicarboxylic ester (1-5): 


Ar At 


N—COOC,H, COOC,H, KOH, alc, 

! 
NCOOC,H, COOC,H. 


The drawback of this method is the difficulty of preparing the starting arylbutadienes, 


In the present work we propose a new method of synthesizing tetrahydropyridazines (II), which consists of 
lithiam aluminum hydride reduction of 6-aryl-4,5-dihydropyridaz-3-ones (III), which are readily obtained by 
the reaction of B-aroylpropionic acids with hydrazine [7, 8, 10): 


Ar 
co NH,NH LIAIH N 
ArH + So arco-C-C-cooH 
is 


oan) 


It was shown that the reduction of dihydropyridazones proceeds analogously to the reduction of acid amides 


[6] (the carbonyl group is converted into a methylene group) and that the nitrogen—carbon bond in the ring is 
not affected, 


The structure of the tetrahydropyridazines (II), obtained by reduction of dihydropyridazones (III), was con- 
firmed on two examples, Thus, 3-phenyl- and 3-p-anisyltetrahydropyridazines (II, Ar = CgHs and p-CH,OCgH,), 
which were synthesized by this method, were found to be identical (as was demonstrated by their reactions with 
pheny! isothiocyanate) with preparations obtained by hydrolysis of the corresponding adducts (I): 


Ar Ar 
alcohol Nu ale. 
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: 
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Having demonstrated that the reduction products of dihydropyridazones (III) were aryltetrahydropyridazines 
(II), we also used this method to synthesize 3-p-biphenylyltetrahydropyridazine, which has not been described 
previously 


CoH 
co 
2) H ! H 


and studied its behavior in the catalytic decomposition reaction which we developed previously and which is a 
method of synthesizing arylcyclobutanes [3-5], 


It was found that the decomposition of p-biphenylyltetrahydropyridazine proceeds according to the normal 
route to form p-biphenylylcyclobutane and p-biphenylylethylene in a molar ratio of 9:1, which is the highest 
for all cases studied as yet [5]: 


Col Col 
e 
pt/KOH, 250- 300° 


The p-biphenylylcylobutane obtained was characterized by the ultraviolet absorption spectrum, 


The absorption curve of this hydrocarbon had a characteristic minimum ( A mijn 224; log € min 3.42) and 
maximum (A may 250; log € max 4-26), It should be noted that arylcyclobutanes studied previously had a charac- 
teristic minimum in the region of 230-240 my and a characteristic maximum in the region of 260-270 mu. 

This difference and also a certain smoothing of the adsorption curve are evidently due to the presence of a system 
of two phenyl nuclei in the biphenylylcylobutane molecule, 


EXPERIMENTAL 


8 -Aroylpropionic acids were obtained by the usual 
Friedel-Crafts procedure from succinic anhydride and the 


t appropriate aromatic compound (benzene, anisole, and bi- 
w 
-Benzoylpropionic acid was obtained in 75% yield 
and had m, p, 111-112° (from alcohol), 8 -Anisoylpropionic 
acid was obtained in 50% yield and had m, p, 139-140°(from 
jh aia alcohol), 8-p-Phenylbenzoylpropionic acid was obtained in 
Fig, 1 85% yield and had m, p, 181-182° (from a mixture of ace- 


tone and ligroin), Literature data: m, p, 111-113° [7], 140- 
141° [8], and 183° [9], respectively, 


6-Aryl-4,5-dihydropyridaz-3-ones, 6-Phenyl-4,5-dihydropyridaz-3-one, A solution of 28.5 g (0,160 mole) 
of benzoylpropionic acid in 160 ml of 1 N potassium hydroxide solution was mixed with a solution of 21 g 
(0,161 mole) of hydrazine sulfate in 160 ml of 1 N KOH solution and the mixture heated on a water bath for 1 hr, 
The crystals which were deposited on cooling were collected and recrystallized from alcohol, The yield was 25,0- 
26.5 g (90-95%) and the m, p, 149-150°, Literature data [7]: m. p, 149-150°, 


6-Anisyl-4,5-dihydropyridaz-3-one was obtained by mixing equimolar amounts of anisoylpropionic acid 
and hydrazine hydrate in methanol, The reaction mixture was heated on a water bath for 6 hr and the crystals 


which deposited on cooling were recrystallized from alcohol, The yield was 90% and the m, p, was 146-147°, 
Literature data [8]: m, p, 147-148°, 


6-p-Biphenylyl-4,5-dihydropyridaz-3-one was synthesized by the same procedure in 74% yield and had 
m, p. 248° (from alcohol), Literature data (10): m. p, 248°, 
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Synthesis of 3-aryl-1,4,5,6-tetrahydropyridazines, To a solution of freshly prepared lithium aluminum 
hydride in absolute ether was added an equimolecular amount of dihydropyridazone and the mixture heated for 
24 hr and then, with cooling, the complex formed was decomposed with the theoretical amount of water; the 
precipitate was collected by filtration and the ether distilled from the filtrate in vacuum (in a stream of nitrogen), 
For separation from the unreacted dihydropyridazone, the residue was dissolved in ligroin and the solution de- 
canted and dried with magnesium sulfate; after removal of the ligroin, the residual tetrahydropyridazine was 
recrystallized from alcohol, 


3-Phenyl-1,4,5,6-tetrahydropyridazine was obtained in 47% yield and had b, p. 165-166° (10 mm), Lit- 
erature data [3]: b, p, 160°(8 mm), The addition product with phenyl isothiocyanate had m, p. 107-108°, A 
mixed melting point with an authentic preparation® was not depressed, 


3-Anisyl-1,4,5,6-tetrahydropyridazine was obtained in 81° yield and had b, p, 210-211° (18 mm) and 
m, p. 78-80° (from ligroin), Literature data [5]: b, p, 205-206° (16 mm) and m, p, 78-80°, The addition prod- 
uct with phenyl isothiocyanate had m, p, 116-117° (from ligroin), 


Found %: C 66,63, 66,71; H 5,66, 5,69, CygHygN3OS, Calculated %: C 66,43; H 5,89, 
A mixed melting point with an authentic preparation* was not depressed, 


3-p-Biphenylyl-1,4,5,6-tetrahydropyridazine was obtained in 62% yield and had m, p, 154-155° (from 
alcohol), The addition product with pheny] isothiocyanate had m, p. 175-176° (from a mixture of ligroin and 
acetone), 


Found %: N 11,12, 11,15, CggH3N3S. Calculated %: N 11.25, 


Catalytic decomposition of 3-p-biphenylyl-1,4,5,6-tetrahydropyridazine, The tetrahydropyridazine was 
decomposed and the products isolated and purified according to the method described previously [5]. 


p-Biphenylylcyclobutane was obtained in 41% yield and had b, p, 153-154°/10 mm and m, p, 25-26°, 


Found %: C 92,26, 92.06; H 7,75, 7.60, CygHyg. Calculated %: C 92,26; H 7.74. 


The gas liberated contained 91% of nitrogen and 9% of ethylene (identified as the dibromide: b, p, 130- 
131° at 760 mm 1° 1,5370, Literature data [11]; b, p. 129-130 at 755 mm n”°D 1,5379), 


Together with p-diphenylylcyclobutane, we isolated p-biphenylylethylene, The yield was 4,5%, the 


b, p. 145-147° (10 mm), and the m, p, 117-118° (from alcohol), Literature data [12]: b, p, 136-138° (6 mm) 
and m, p, 119°, 
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In a series of investigations [1], it was shown that high-temperature condensation of alkenyl (or aryl) hal- 
ides with silanes offers wider possibilities of synthesizing alkenylchlorosilanes than the so-called direct synthesis, 
Thus, for example, under the conditions of direct synthesis, vinyltrichlorosilane is obtained in a yield of ~ 4%, 
while high-temperature condensation of vinyl chloride with HSiCl, gives a yield of 60%, etc, An attempt [2] 

to prepare 2-trichlorosilylbutadiene from chloroprene by direct synthesis was unsuccessful, Only the cyclodi- 
merization of chloroprene into the dichlorides I and II was observed and neither chloroprene itself nor the dich- 
lorides reacted with silicon, In the present investigation we studied the high-temperature condensation of chloro- 
prene with methyldichlorosilane, 


li 
Cl 

Cl 
(I) (II) 


The first experiment was carried out at 550-580°, The condensate obtained was heated with C,H.M gBr 


and the reaction product fractionated, In one of the fractions we detected the expected methyldiethylsilyldi- 
butadiene 


CH, = C— CH =Ch2, 
| 
CH3Si (C2Hs)2 


which contained a considerable amount (not less than 50% according to a spectroscopic estimation) of the allene 
isomer, According to elementary analysis data, this fraction contained about 5% of chlorine, Chlorine was also 
present in the fraction of the dimer [CHj(C2Hs)2Si- CH= CH-CH=CHg]>. 


A second experiment, which was carried out at 590-600°, gave a higher yield of condensate (about 50%, 
calculated on the chloroprene reacting). In this case the reaction product was methylated (by the action of 
CH3MgBr), In addition to = C[Si(CHg)s] = (mixture of isomers), in this experiment it was possible 
to isolate and identify styrene (formed in 10% yield, calculated on the chloroprene reacting), The formation 
of styrene indicated partial reduction of chlorine of the chloroprene and also dehydrogenation, as styrene was 
apparently formed through vinylcyclohexene,* In addition, we isolated a disilane to which could be assigned 
the formula CyoH2Si, on the basis of elementary analysis (fraction D), 
Styrene could also be formed from butadiene by the scheme presented below, 


: 
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We were unable to establish the structure of this disilane unequivocally, On the basis of spectroscopic data 
it may be assumed that there is conjugation of two C=C bonds, in a position @ to silicon (bands at 1590 and 
1570 cm™), This agrees with the presence of a band at 3005 em7! (-—CH=C) and bands at 1250, 846, and 756 
cm”, which are characteristic of Si(CH,), groups. 


It is possible to postulate a provisional formula: 


(CHy)sSiCH = CH — CH = CHSi(CH,)s 


and the formation of the disilane from the dimer according to scheme I: 


(CHy—C—CH CgHg-}- (CHs)3SiCH =CH==CHSi(CHg)s. I 
Si(CHs)s 


However, the presence in the spectrum of a band at 1445 cm™ in addition to the band at 1410 cm™ con- 
tradicts this formula as the former band is evidently associated with the presence of a C-CHg or —CHg group, 
The disilane added both two and four bromine atoms, According to analysis data, one of the fractions (E) was 


7\—C = CH 
found to be very close to & -trimethylsilylvinylcyclohexadiene. | l * The infrared spectrum con- 


Si(CHs)s 


tained bands of CH vibrations of a vinyl group at 3025 and 3065cm? and in the region of C=C frequencies, 

the spectrum contained bands at 1520, 1590, and 1610 cm", whose low values could be caused by conjugation 
and also the effect of the Si atom (C=C in a position to Si). Together with bands at about 758, 845, 1255, 
and 1415 cm™, which are characteristic of the Si(CHg)3 group, there was also a strong band at 1465 em”, which 


probably indicates -CH,— (or C—CHg) groups, The high-boiling fractions contained halogen and were not in- 
vestigated in more detail, 


EXPERIMENTAL® 


Condensation of CH, = C (Cl) — CH = CH, with CH,Cl,SiH, 


Experiment 1, A mixture of 395,0 g of chloroprene and 560,0 g of methyldichlorosilane was dropped at a 
rate of 2-3 drops per sec into an empty glass tube, 20 mm in diameter and 600 mm long, heated to 550-580°, 
In a receiver cooled with ice, we collected 750.0 g of condensate, from which was distilled 385,0 g of the start- 
ing mixture (b, p, 40-60°), Without fractionation, the residue in the flask was treated with ethylmagnesium 
bromide and distillation of the product on a column yielded two main fractions: 


Fraction I (40-45,0 g) had b, p, 68,5-70°/18 mm, 1.4606; #°, 0.8466, 


Found %: C 68,62, 68,34; H 11,26, 10,95; Si 14,74, 14,99; Cl 5,51, 5,95, CgHygSi, Calculated %: C 70.11; 
H 11,70; Si 18,18, 


Infrared spectrum ( v cm”); 147 (v.s.), 789 (v.s.), 820 (s.), 841 (av.), 866 (w.), 946 (av.), 962 (av.), 
1010 (av,), 1061 (w.), 1086 (w.), 1150 (av.), 1230 (av.), 1249 (w.), 1376 (av.), 1390 (av.), 1410 (av.), 1460 (s.), 
1575 (v.w.), 1610 (v.w.), 1925 (w.), 2820 (w.), 2880 (s,), 2917 (s.), 2960 (s.), 3021 (w.). 


The frequencies of 1610 and 1575 cm~ could be assigned to C =C-C=C, and the frequency of 1925 cm™ 
to C=C =C groups, which agrees with the above remarks on the composition of compound I, 


Fraction II (40,0 g) had the following constants after distillation over Na: b, p, 88-90°/0,5 mm, rp 1.4939, 
, 0.8845; MRp found 101.52, MRp calculated 101,66, Literature data for (CH,(C2Hs)2SiCH = CH-CH =CHg), 
[2], b. p, 139-141°/3 mm, 1.4930, 0.8849, The intermediate fractions were not investigated, 


Experiment 2, The condensation of 815,0 g (9.21 mole) of chloroprene and 1107.0 g (9.62 mole) of 
methyldichlorosilane at 585-600° was carried out by the same procedure, We collected in the receiver 1300,0g 


*R, I, Pal'chik helped with the experimental part of the work, 
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of condensate, from which 380,0 g of starting mixture was distilled and then 695,0 g of high-boiling products were 
then distilled in a vacuum. Repeated distillation on a column yielded 11 fractions, each of which was wethylated 
and the products then distilled on a column, We isolated the following fractions: 


Fraction A (35,0 g) had b, p, 111,5-113°/748, HD 1,4311, ?°, 0.7539; MR, found 43,35, calculated 
43,23, 


Found %: C 66,73; H 11,78; Si 21.23, CyHySi, Calculated %: C 76.57; H 11,18; Si 22.22, 


The infrared spectrum contained bands at 1635 and 1585 cm”, which were ascribed to the group 
C=C-C=C, and a band at 1940 cm™, which corresponded to the presence of the allene isomer (apparently 
not less than 30%), A weak band was also observed at about 2180 cm”, which was probably connected with the 
formation of the corresponding silicoacetylene, Thus, fraction A consisted of a mixture of isomers, 


Fraction B (33,0 g) had b, p. 71°/64 mm, n”°D 1,5380, #% 0,9012, 
Found %: C 91,19; H 8,13, CgH,. Calculated %: C 92,25; H 7.74, 


Bromination yielded crystals with m, p, 72-73° (after two recrystallizations from 80% alcohol), A mixture 


with authentic dibromoethylbenzene had m, p, 72°, The infrared spectrum also agreed well with literature data 
on the styrene spectrum, 


Fraction C (20,0 g) had b, p, 75/30— 74/28 mm, 1.4830, 0.8605, 
Found %: C 71,75, 71,80; H 9,23, 9,59; Si 19,15, 19,31, 


In the infrared spectrum, the bands at 2960, 2900, 1263, 1250, 853, 840, and 754 cm” indicated Si(CHg)3 
groups and the splitting of the bands at 1250 and 840 cm™! could be associated with the existence of two differ- 
ently placed groups in the molecule, The bands at 1585, 1493, 1433 and 1113 cm™! were characteristic of the 


group Si — j » . The presence of the benzene ring also produced a group of bands at 1770, 1820, 1875, 


1910, 1970 cm, The bands at 3020, 3065, and 3075 cm™ were associated with C—H vibrations in the ring 
(and possibly with C =CHg, but it was impossible to establish the presence of a vinyl group reliably), It was 


impossible to detect the presence of CH; and CHg groups, apart from Si(CHg)3. It could be assumed that this 
fraction was a mixture of two silicon-containing hydrocarbons 


Fraction D (60,0 g) had b, p, 86°/20 mm, n”°, 1,4580, #°D 0,8277, 


Found %: C 59,95, 60,29; H 10,97, 10,83; Si 29.13, 29,08, CyH,Siz. Calculated %: C 60,60; H 11.11; 
Si 28,28, 


Infrared spectrum (v cm"); 728 (w.), 756 (av.), 786 (w.), 805 (s.), 846 (v.v.s.), 870 (s.), 906 (w.), 940 (w.), 


962 (av.), 1010 (v.s,), 1035 (w,), 1100 (av.), 1150 (s.), 1250 (v,s,), 1320 (w.), 1410 (s,), 1445 (av,), 1570 (av.), 
1590 (s,), 2795 (w.), 2880, 2900 (s,), 2960 (s.), 3005 (av.), 


Fraction E (30-35,0 g) had b, p, 62-64°/3 mm, m°D 1,5090, d?%, 0.9070; MRp found 58,71, MRp calculated 
59,15, 


Found %: C 73,50, 73.57; H 9.17, 9,32; Si 15,35, 15.48, CyHygSi, Calculated %: C 74,15; H 10,11; Si 
15,72, 


This was apparently formed according to scheme IL 


/\_CH=CH, CH=CH, 
3)3Si Si \- | | ll 
Si(CH)s 


(CHg)3SiX, 7 Si(Cf I5)3 
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The mechanism of the reduction of cobalt oxides has been considered in previous publications [1, 2], The 
results of these investigations, based upon kinetic data, are not free from certain contradictions, Thus, one group 
of authors [1] supposed that cobalto-cobaltic oxide is reduced in two stages: (i) CogO, + CoO; (ii) CoO + Co; 
while others [2] believe that this process takes place only at temperatures above 300°, while at lower tempera- 


tures, on this view, the cobaltous oxide phase is unstable, and is therefore not accumulated among the reaction 
products, 


In the current work we have investigated the kinetics of the reduction of cobalto-cobaltic oxide by hydrogen, 
and have carried out an x-ray study of the solid reduction products, On the basis of the data which we have ob- 
tained, we have discussed a crystallochemical mechanism for the reduction, The x-ray examination of the start- 
ing materials and of the reduction products was carried out by the Debye method, in a camera of diameter 
57,3 mm, The examination was performed using iron Kg irradiation and a manganese filter, which was placed 
directly in the collimator chamber, The disposition of the film was asymmetrical, The graphical extrapolation 
method of Bradley and Jay [3] was used for the determination of the parameters of the crystal lattices, 


The starting material used was cobaltic oxide, Co,0,, of the “pure for analysis* brand, and x-ray analysis 
of this substance showed that it possesses a spinel structure, and a high degree of particle dispersion, producing 
diffuseness of the diffraction lines, In order to obtain cobalto-cobaltic oxide, the initial cobaltic oxide was 
roasted for 70 hr at 800° in air, and then allowed to cool to room temperature over a period of 10 hr, 


The cobalto-cobaltic oxide obtained proved to be a single phase material with a spinel structure, the 
parameters of whose crystal lattice were in agreement with the published data[4], The clear lines of the x-ray 
diagram gave evidence of considerable growth in the particle size during the roasting process, The oxygen con- 


tent of the cobalto-cobaltic oxide was determined from the change of weight on complete reduction, and was 
close to the stoichiometric value, 


The reduction was performed in a vacuum apparatus with circulation of the gas, and an arrangement for 
freezing out the products of the reaction — water vapor — in a trap cooled with liquid nitrogen [5], The rate of 
the process was determined from the reduction of the hydrogen pressure in the closed system at definite time 

intervals, The hydrogen was added to the reaction vessel systematically, so that the fluctuations in its pressure 


did not exceed + 5-7% of the initial value, Experiments showed that this fluctuation had no significant effect 
on the reaction rate, 


The temperature was measured by means of a chromel-alumel thermocouple, the hot junction of which 
was placed directly above the weighed sample, while the cold junction was placed in a Dewar vessel of melting 
ice, The emf of the thermocouple was determined by means of a potentiometer of type PP, The deviation from 
the predetermined temperature in the course of an experiment was found to lie within the limits of accuracy of 
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cobaltic oxide by hydrogen at 250° 


Fig, 1, Rate of reduction of cobalto- 


cobaltic oxide by hydrogen at a pres- 


the potentiometer, Such stabilization of the temperature 
sure of 400 mm Hg at various tem- P P 


was obtained by means of an automatic electronic 


potentiometer of type EPV-01, using a chromel-alume} 
thermocouple as indicator, 
sad After the required temperature has been obtained 
ba ol in the reaction space, a quartz boat with a weighed 
I ~~ sample of 0,5 g of cobalto-cobaltic oxide was inserted 
x “0 A in the furnace by means of an electromagnetic, The 
% #61— ve reduction was carried out at temperatures of 225, 250, 
0 \ 275, 300, 325, and 350°, and hydrogen pressures of 100, 
= Je ~~ 200, 400, and 600 mm Hg, The results of the experi- 
28 RU ments are depicted in Figs, 1 and 2, where the course 


of reduction is represented on the axes of abscissas, 
and the rate of reaction, expressed in grams of oxygen 
Fig, 3, Relationship of log K removed from the oxide per min, is depicted along the 
to axes of ordinates, 


The presence of a maximum on the kinetic curves 
shows that the reaction proceeds according to the topo- 
chemical reaction law, The apparent activation energy, calculated from the temperature dependence of the 
reaction rate for 40% reduction, according to the graphs shown in Fig, 3, is 18,5 kcal/mole, 


The considerable particle size of the oxide undergoing reduction is the cause of the multizonal character 
of the process, which is confirmed by the shape of the kinetic curves, and by the data of x-ray structural phase- 
analysis, which has been carried out on samples obtained at 250° for the following stages of reduction; 13,1, 21.6, 
55,5, and 68,9%, The analysis of these samples has shown the presence in each of them of three phases, Co,Q,, 
CoO and Co, which is in harmony with the view that the reduction takes place in successive stages [6]. 


It may therefore be supposed that the reduction process took place simultaneously on two reaction surface: 
Co304— CoO and CoO— Co, The parameters of the crystalline lattice of the CoO phase formed during the proc - 
ess was 4,270 + 0.002A, and did not vary with the degree of reduction, According to the published data [7-10], 
the size of the parameter of the crystalline lattice of cobalto oxide varies within the appreciable limits of 4.22 
to 4,32 A, This is evidently connected with the different compositions of the specimens of cobaltous oxide ex~- 
amined, arising from its capacity to undergo oxidation even at room temperature [11], up to a composition cor- 
responding to CoO},19-1,15 [12]. 
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The presence of cobaltous oxide in the solid products of incompletely reduced cobalto-cobaltic oxide 
points to the existence of volume diffusion of cobalt ions into the spinel lattice of the initial phase for whose 
reconstruction into a sodium chloride type of lattice,such as is characteristic of cobaltous oxide, it is first neces- 
sary to introduce a certain quantity of metal ions, The spinel lattice and the sodium chloride lattice possess 

the same dispositions of the oxygen atoms, which form in both cases a close-packed cubic packing, The metal 
ions in the spinel structure occupy half of the octahedral and an eighth part of the tetrahedral holes, This means 
that to a single oxygen atom in the spinel lattice there corresponds on the average half a metal ion in the octa- 
hedral positions, and a quarter of a metal ion in the tetrahedral positions, In the oxide CoO of stoichiometric 
composition, all the octahedral holes are filled with metal ions, while all the tetrahedral holes are vacant, 


Hence, to one oxygen ion in the crystalline lattice of cobaltous oxide there corresponds one cobalt ion in octa~ 
hedral positions, 


In the conversion of cobalto-cobaltic oxide into cobaltous oxide, the cobalt ions from the tetrahedral 
positions go over into the octahedral arrangement, But this is still insufficient for complete conversion, since 
this results in the filling only of three quarters of the octahedral positions of the crystalline lattice correspond- 
ing to the stoichiometric composition of CoO, The remaining vacant quarter of the octahedral positions is 


filled by metal ions which arise on the surface of the oxide as a result of its reduction: and this can only occur 
through volume diffusion, 


Starting from the experimental data described above, and from crystallochemical premises, the follow- 
ing mechanism may be proposed for the reduction of cobalto-cobaltic oxide, When reduction occurs through 
the removal of oxygen by hydrogen at the surface of the crystals, ions of metallic cobalt are liberated, part of 
which, under the influence of the concentration gradient around the lattice of the initial phase, effect the con- 
version of cobalto-cobaltic oxide into cobaltous oxide, The crystals of the latter formed in the first instant 
ought to possess the maximum quantity of vacant positions, which are filled by cobalt ions entering from the 
surface, The latter, diffusing through the cobaltous oxide lattice, then penetrate into the lattice of the starting 
material, cobalto-cobaltic oxide, causing the further conversion of this into cobaltous oxide, 


However, this volume diffusion at relatively low temperatures, such as those at which the experiments 
were carried out, takes place comparatively slowly, while the rate of the chemical reaction at the gas-solid 
surface, which causes the development of the metallic ions, takes place rapidly, Hence a part of the metallic 
ions liberated at the surface of the oxide during reduction, does not succeed in penetrating inside the crystals, 


and forms a metallic phase considerably before all the cobalto-cobaltic oxide has been reduced into cobaltous 
oxide, 


The constant presence on the surface of excess ions of metallic cobalt, leads to the result that the cobalt- 
ous oxide phase, throughout the entire process, is found to be saturated with the metal, and therefore the param- 
eter of its crystal lattice remains invariant, independently of the degree of reduction, The magnitude of the 
lattice parameter of this cobaltous oxide has been found equal to 4,270 + 0,002 A, 


Further growth in the crystals of the metal is brought about through diffusion of cobalt ions to the surface 
separating the metal and the oxide, and to the free crystal surface, 


The author wishes to express his gratitude to Corresponding Member of the Academy of Sciences of the 
USSR G, I, Chufarov, who directed this work, for the help he has given during the carrying out of the program. 
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The absence of reliable published data for the enthalpy of formation of sodium, potassium, ammonium 
and lithium nitrates has made it seem necessary to carry out an experimental determination of these values, 


The method chosen for this has been to calculate the enthalpies indirectly from the following system of 
thermochemical equations, in which the symbol E denotes, K, Na, Li or NH,.* * 


1. CgHe(NO2)0E( solid) + [XH20] (solution in xH20); AH, 
2. OH (solid) + EOH(solution in xH,0) 


= CgH(NOz)OE (solid in xH,0) + H20 
3. 6C (graphite) Ha(gas) + 12 Nacgas) + 34 Oa(gasy = CeHa(NOz solid) 
4. E(solid) + 1} Oagas) + Hacgas) + XH20 = EOH (solution in xH,0) AHy 


5. He(gas) + 02(gas) + solution of CgH2(NO9)s in xH,0 = 
= HO + solution of C;H2(NO2) in xH,O 


6C (graphite) + Hacgas) +12 Nagas) + 34 Oa(gas) + E(solid) = 
= id) 


A survey of the published data on the enthalpies of the reactions which participate in this system of equa- 
tions showed that only a single paper [1] had been issued on the enthalpy of dissolution of sodium and lithium 
picrates, while there were none at all on the enthalpies of dissolution of potassium and ammonium picrates, nor 
on the enthalpies of neutralization, The magnitudes of the enthalpy of formation of picric acid derived from 
various papers varied by about 2 kcal/mole, 


The samples of the nitrates and of picric acid were recrystallized three times from doubly distilled water, 
after which they were carefully dehydrated in a vacuum with heating, The thermochemical determinations were 
carried out with doubly and triply recrystallized samples, In all cases the results of the measurements lay in a 
*O, G, Talakin took part in the experimental part of this work, 

* In the case of ammonium we must, for equations 4 and 6, imagine t Nagas) + 2Ha(gas) instead of E(.ojid)> 


AHs 
AH, = SH2 + + AH, SH, 
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TABLE 


Concentration AH of formation 
8 f picrate o AH ofsolution | SH ofneutral-!of hydroxide | AH of formation 
solution an ofthe picrate, | ization,kcal/ jsolution, of picrate, 
{neutralization | kcal/mole mole | mole kcal/mole 


Nat 1: 2000 H,0 | 4,8440,04 | —8,3240,05 |—112,394-0,05 | —118,45-40,33 
Kt 1:3500 H,O | 12,174-0,05 | —8,22+-0,04 —115,2460, 05 | —108,37--0,33 
Lit 1: 1000 H,O 1,534-0,01 —8,194-0,04 |—121,40-60,05 | —113,943-0,33 
NH; 1:2000 11,0 | 10,894-0,07 | -7,074.0,04 | —87,64+.0,08 | —88,42+-0,34 


single series, which provides evidence that the purity of the samples investigated was sufficient, All operations 
involving the picrates of sodium and lithium, which readily take up water from the air, were carried out in a 
dry chamber, With picric acid and potassium and ammonium picrate it was possible to work in the air, The 
samples of the picrates or picric acid for the determination of the enthalpy of solution and neutralization were 


introduced into the calorimetric vessel in thin walled glass ampoules which had been hermetically sealed by 
fused stoppers made of a mixture of picene and paraffin wax, 


The enthalpy of combustion of picric acid was measured with a liquid calorimeter with a self-sealing bomb 
During the attempts to liquefy the picric acid, it became clear that the completeness of its combustion depends 
on many factors, It appears that incomplete combustion of the picric acid in certain experiments, and also its 
inadequate purity, are the reason for the considerable spread of the published values, After testing a number of 
variants, we have been able to establish conditions under which complete combustion of the picric acid can be 
secured, The sample of picric acid was introduced into the bomb in a thin-walled platinum crucible, The bomb 
is filled with a mixture of oxygen (12-14 atm) and argon (23-25 atm), Water is not introduced into the bomb 
before the experiment, It has been shown that the combustion of the picric acid under these conditions does not 


lead to the formation of carbon monoxide, by analysis using a sulfuric acid solution of palladous chloride, 
ammonium sulfate and ammonium molybdate, 


After introducing all necessary corrections, the enthalpy of combustion of picric acid has been found to 
be ~ 615,55 + 0,32 kcal/mole, and the standard enthalpy of its formation to be — 51,14 + 0,32 kcal/mole, 


The results of the determinations of the enthalpies of formation of the picrates, together with the inter- 
mediate quantities, are shown in the table, 


In order to elucidate the great difference between the values of the enthalpies of solutions of sodium and 
lithium picrates obtained by us, from those obtained by Askew [1], we have carried out a determination of the 
enthalpy of a solution of sodium picrate monohydrate, This was obtained by taking a weighed sample of the an- 
hydrous picrate and allowing it to remain for several days in saturated water vapor at room temperature, Weigh- 
ing of the substance confirmed that its composition was that of the stoichiometric monohydrate, 


After comparison of the value of the enthalpy of solution of sodium picrate monohydrate (8,34 + 0,02 
kcal/mole) with the data given by Askew [1] (7.66 kcal/mole), it was possible to affirm that the results obtained 


in that work refer to an almost fully hydrated sample of sodium picrate. A similar assumption is evidently valid 
also for the case of lithium picrate, 


We have taken in this work the mechanical equivalent of heat to be: 1cal = 4,1840 absolute joules, All 
the deviations are expressed in the form of “standard deviations," 
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For chalcogenides the formation of metal compounds with variable phases is characteristic. 


The only chalcogenides of niobium which have been investigated are the sulfides, Biltz and Kocher[1), during 
an investigation of the niobium — sulfur system, discovered that niobium forms a sulfide Nb2S3 which is capable 
of dissolving sulfur up to a composition corresponding to NbS,, and a monosulfide NbS, which will form solutions 
with the initial niobium down to a composition correspondong to NbSo,s. Hagg and Schénberg [2, 3], investigat- 
ing the same systems, found two phases having narrow ranges of homogeneity, with compositions close to NbS 
andNbS», The structure of the compound NbS relates to the type of tungsten carbide, WC, with parameters; 

a = 3,32 A; c = 3,83 A; c/a = 0,97; z = 1, In the presence of excess sulfur the structure changes to that of the 
nickel arsenide, NiAS, with a = 3,32 A; c = 6,46 A; c/a = 1.95; = 2, The phase NbS, crystallizes in a lattice 
of the cadmium chloride type, with parameters; a = 6,24 A; a = 30.95°: z = 3, 


In the investigation of the niobium — tellurium system by the x-ray analysis method and by measurements 
of electrical conductivity, we have established [4] the existence of three phases of variable composition; the 
a phase, the range of whose homogeneity lies between compositions corresponding to NbTep,), and NbTeo_»; 


the B phase, whose composition may vary from NbTe4,99 to NbTe 4,49; and the y phase, of composition varying 
from NbTe2,93 to NbT eq ,99. 


The present work is devoted to a more detailed description of the results of the x-ray investigation of these 
phases, 


The samples were prepared by the prolonged (750 hr) sintering at 900° of the ground powders of indium and 
tellurium in quartz ampoules which had been sealed under vacuum, A more detailed description of the prepara- 
tion of the tellurium indides is given in[4], The prepared samples were investigated by the powder method; 
though for certain samples monocrystals were prepared, and these were investigated by the vibration method, 


We used in this work cameras RKD and RKU, with diameters of 57.3 and 86 mm respectively, The de- 
position of the film was carried out by the asymmetrical method, The monocrystals were studied in camera 
RKOP with cassette diameter 57,3 mm,* Irradiation was obtained from a copper anode without filter, The 
measurement of the powder diagram was conducted in a comparator to a precision of 0,02 mm, The calcula- 
tion was performed, taking into account corrections due to absorption (according to the Hadding formula), Samples 


for the powder diagrams were prepared by application of the ground powders by means of a liquid cellulose nitrate 
varnish on the fibers made from pyrex glass, 


The « phase, (NbTep 1g —- NbTe,). This crystallized in a primary cubic lattice with parameter a = 


= 8.418 + 0,005 A, This value of the parameter was unchanged within the limits of measurement throughout 
the region of homogeneity, 


* Both the chambers were prepared at the Scientitic-Research Institute of Physics at Moscow State University, 
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X-ray diagrams of the samples belonging to this phase were distinguished by well differentiated doublets 
Cuky t and Cuka, (commencing from @ = 53°), and by the distinctness of the lines not only at low angles, but 
also at large values up to 80°, Particularly clear x-ray diagrams, with well differentiated doublets CuKy . and 
were given by samples corresponding to the compositions 95 and NbTep ». 


Reference to the powder diagram of the sample of composition NbTeo » gave a value for the parameter of 
the lattice with even greater precision, namely: 8,419 + 0,001 A, Pyknometric detemmination of the density of 
this sample gave the value of 6,00 at 20°, which is in good agreement with the density calculated from the x-ray 
diagram, of 6,036 when z = 1, 


The B phase, (NbTey,99 — NbTey,79). The x-ray diagrams which have been obtained reveal a hexagonal 
lattice with parameters: a = 5,16 + 0,01 A; c = 7,62 + 0,05 A; c/a = 1,477, for the composition NbTey 99. 


The sample containing 50 at, % tellurium (NbTeq,9)) was investigated in a "Unicam” high temperature 
X-ray camera [5] at 700°, The powdered sample, contained in a sealed quartz capillary, was examined at 20° 
and 700°, and again after cooling at 20°, Visual comparison of the powder diagrams obtained did not reveal 
evidence of any polymorphous change, The lack of clarity in the lines and the presence of a large background 
to the film made it impossible to undertake any exact measurements, 


The y phase, (NbTe2,33; — NbTe,4), X-ray investigation of a monocrystal of composition NbTe, by the 
vibration method showed that the y phase crystallizes in a volume centered tetragonal lattice with axial param- 
eters: a= 9,10 + 0,05 A; c = 21,35 4 0,05 A; c/a = 2,346, The powder diagrams obtained for samples of the 
y phase were in excellent agreement with this tetragonal lattice, 
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An account of the preparation and structure of violurates, rendered in the works of Hantzsch, Icherwood, 
and Issaias [1], was given in a very general form, these salts not having been studied sufficiently systematically, 
The preparation and properties of salts of 2-thiovioluric acid are also described very briefly in the work of Lal 
and Dutt [2], At the present time the study of the structure of these salts and the connection between their struc- 
ture and color is of very great interest since the varying color of the salts of violuric acid caused Hantzsch [3] 
to introduce his ideas regarding the occurrence of a special isomer — the chromoisomer, and pantochromes, Until 
now, a satisfactory explanation has not been given regarding these phenomena, and they are mentioned as in- 


stances of special isomerization [4], probably because up till now a sufficiently detailed and systematic study 
of the preparation and structure of the salts mentioned has not been undertaken, Therefore, in the present work 


various methods leading to the preparation of violurates and 2-thioviolurates of varying structure have been 
studied by us in detail, 


To prepare violurates and 2-thioviolurates of potassium and sodium we utilized the well known method 
of direct nitrosofication of barbituric and 2-thiobarbituric acids by the action of nitrites in aqueous solution [5], 
Besides this, violurates and 2-thioviolurates of potassium and sodium were prepared by us by the action of alka~- 
lies on the corresponding acids in aqueous and aqueous-alcoholic solution, and also by the action of violuric 
and 2-thiovioluric acids on carbonates and bicarbonates of alkali metals, Furthermore, violurates and 2-thio- 
violurates of potassium and sodium were prepared by the action of alcoholic solutions of violuric and 2-thio- 
violuric acids on alcoholic solutions of alcoholates of potassium and sodium, 


We established that the use of the above-mentioned methods allows the preparation of violurates and 
2-thioviolurates of varying structure, Thus, on reacting nitrites in aqueous solution with barbituric and 2-thio- 
barbituric acids, monosubstituted salts are obtained, and, on addition of an equimolecular quantity of violuric 
and 2-thiovioluric acids respectively, acid salts are formed containing one molecule of acid to one molecule 
of monosubstituted salt, In this case, the monosubstituted salts obtained by the method indicated contain two 
molecules of water of crystallization, and the acid salts, four molecules of watcr, 


On reacting caustic alkalies inequimolecular quantities with violuric and 2-thiovioluric acids in aqueous 
solution, monosubstituted salts with the same water of crystallization content are obtained, and, with excess 
alkali, disubstituted salts containing one molecule of water of crystallization, If the preparation of salts by 
this method is carried out in aqueous-alcoholic solution, the same mono- and disubstituted salts are formed, 
but containing only half the amount of water of crystallization, Moreover the trisubstituted salts of violuric 


and 2-thiovioluric acids can be obtained in aqueous-alcoholic solution by the action of the corresponding ex- 
cess of caustic alkalies. 
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TABLE 1 


Metal content, 
Yo 


Metal content, 
Molecular formula 


Molecular formula 


calc. | found calc. | found 


6,84 6,87 || 11,10 41,31 
,OyNgNa 12,80 12,62 || CgH,OgNsk 20,00 19,65 
22,90 22,40 || CgHOgNsKa 33,50 33,20 
30,95 30,71 {| 43,15 42,94 
C4H,O3N3SK - 

6,25 6,08 10,15 9,97 
CyH,OyNySNa 11 ,80 41 .50 C,H,O3N3SK 18,15 18,23 
CyHOsyNsSNag 21,20 20,97 || CgHOsNsSKa 31,30 31,11 
C,O3N3SNas 28,90 28,72 || CyOgNsSKz 40,70 40,58 


It was also established that such trisubstituted salts can be obtained very conveniently by the action of 
sodium and potassium alcoholates on violuric and 2-thiovioluric acids in alcoholic solution, By the same process 
mono- and disubstituted salts containing no water of crystallization can be prepared, It was also established 

that on reacting violuric and 2-thiovioluric acids with carbonates and bicarbonates in aqueous solution, acid and 


monosubstituted salts can be prepared containing respectively four and two water molecules in the formula of 
the crystal hydrate, 


All the methods described make possible the preparation of potassium and sodium salts of violuric and 
2-thiovioluric acids with different degrees of substitution, amongst them being undescribed trisubstituted salts 
which indicate the presence in violuric and 2-thiovioluric acids of three hydrogen atoms capable of salt forma- 


tion, In Table 1 results are given of analyses of various sodium and potassium violurates and 2-thioviolurates, 
dehydrated at 110°C, 


The majority of the methods indicated are also applicable in the preparation of violurates and of 2-thio- 
violurates of alkali earth metals, Moreover, for the preparation of these salts of barium, calcium, and mag- 
nesium, and particularly for the preparation of violurates and 2-thioviolurates of heavy metals, we utilized the 
reaction between potassium and sodium violurates in aqueous and aqueous-alcoholic solution and soluble in- 
organic salts of heavy metals, In such a manner, on reacting with silver nitrate, silver violurate and 2-thio- 


violurate are obtained, on reacting with zinc sulfate — the corresponding zinc salts, and with cobalt chloride — 
the corresponding cobalt salts, and so on, 


However, this method of preparing salts of heavy metals leads in isolated cases to the preparation of new 
derivatives of violuric and 2-thiovioluric acids, Thus, for example, on reacting equimolecular quantities of 
mercuric chloride and potassium or sodium violurate in aqueous solution, a weakly colored precipitate of 
mercurovioluric acid is obtained: C,HO,N;Hg; calculated Hg 55.8%; found Hg 56,5% — identical with the sub- 


stance described in the work of Auld[6], This acid is capable of giving only a monosubstituted potassium salt, 
as indicated by the following structure for it: 


Oo 


OH 
—C 


\ 


while to violurates of heavy metals must be attributed the formula: 


1 | 
N 
NH—C 
4 
a O=C 
re) 
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TABLE 2 


Metal content, Metal content, 
Molecular formula Molecular formula 


calc, found calc. found 


7,14 6,92 || 15,90 15,20 
17,00 16,25 
5,80 
11,35 11,40 || (CgH,O4Ns)2Al 6,35 6,18 
(CyH,O4Ns),Ca - 39,50 38,50 
9,27 9,24 
30,50 | 30,90 |} 17,25 | 16,87 
20,60 25,10 


TABLE 3 In Table 2 are given the results of analyses of several 
_ of the alkali earth and heavy metal violurates obtained 
after their dehydration at 110°, 


Molecular formula} Color of the Crystal 
— On the basis of the various methods worked out it 
C,H,0,NsNa-2H,0 | dark red appeared possible to peepere salts of violuric and 2-thio- 
CyH ,OyNsNa-H,O bluish-rose-red violuric acids with various deyrees of substitution and 
with varying water of crystallization content, It was also 


d- i at 
CcH:OuNsNa — established that the color of the salts in the solid form de- 
ys ty? Rada violet pends both on the degree of substitution and on water of 
Ge | red 

C,H.O4N;Ag-3H.0 grayish blue crystallization content, 

ree grayish green The following comparison of the colors of monosub- 
CyH,ONgAg greenish cinnamon stituted sodium, potassium and silver violurates suggests 


that color differences depend on the varying water of crys- 
tallization content, The colors indicated for solid salts 
change with changes in water of crystallization content 

(as observed in dehydration and recrystallization), and thus any change in color of salts of one and the same 
metal with identical substitution (the pantochrome of Hantzsch) is without doubt dependent on the influence of 


the water molecules taking part in the formation of the crystallization lattices indicated for the variously colored 
salts, 


The above is also confirmed by the fact that the various crystallohydrates of the potassium and sodium 
salts described give the same absorption spectrum in aqueous solution, 


It was also established that violurates and 2-thioviolurates of the same metal, but differently substituted, 
having different colors in the solid state, give a practically identical or very close absorption maximum in 
aqueous solution, For example, tri-, di-, and monopotassium and sodium violurates and acid potassium and 
sodium violurates, differently colored in the solid state, give an absorption maximum between 525-535 my in 
aqueous solution, Moreover, absorption for solutions of these salts of the same concentration differs only in 
absorption intensity (at a maximum), this decreasing with increase of substitution in the salt. From the above 
observations it follows that the difference in color of the salts of different metals with different degrees of sub- 
stitution (the chromoisomerism of Hantzsch) is probably explained by the existence in the salts of violuric and 


2-thiovioluric acids of equiponderant desmotropic forms of anions, for instance in the simplest case of a mono- 
violurate: 


(colorless) 


ome 
O 
VA 
NH—C NH—C 
O=C C=NO- O=C C—N-=O 
NH—C NH—C 
\ 
(colored) 
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The color of these salts in the solid state changes depending on the position of such equilibrium and the 
presence of anions with a higher degree of ionization, Such an explanation is very similar to that given by Lal 
and Dutt [2] for coloration in the simplest case of monosubstituted 2-thioviolurates, 


On dissolving the salts in water, practically complete hydrolysis is observed for the second and third stage 
of substitution, and thus the absorption spectrum of their solutions depends on the presence of anions of the first 
degree of ionization, This conclusion is confirmed by determining rK* for the various degrees of dissociation of 
violuric and 2-thiovioluric acids, 


As a result of our work, various methods of preparation were studied and it was established that, depending 
on the method used, violurates and 2-thioviolurates with different degrees of substitution were formed (amongst 
them were also undescribed trisubstituted salts) and with different water of crystallization content, The color 
of violurates and 2-thioviolurates in the solid state depends on the degree of substitution of the salt and also on 
the water of crystallization content, An explanation of Hantzsch's pantrochrome is put forward as a phenomenon 
occasioned by the presence of water of hydration, which takes part in the formation of the crystalline lattice of 
crystal hydrates of one and the same salt, The color difference between various salts, including salts with differ- 
ent degrees of substitution (Hantzsch's chromoisomerization), is explained by the presence of desmotropy in the 
colored and uncolored forms of the anions, 
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As a result of the reaction of hydrazo compounds with acids, p-semidines are formed in those cases where 
the contraindicated basic reaction is a benzidine regrouping, Thus, in the benzene series, hydrazo compounds 
with substituents in the p-position to the hydrazo group 


X—€ 


are often converted into o- and p-semidines [1] in the presence of additional o- and m-substituents (never with 
impurities of diphenylenes), Here, then, where there is no structural hindrance to the formation of benzidines, 
only traces of p-semidines are obtained [2]. Thus our observations are deserving of attention as they concern 
the formation of considerable quantities of 4-amino-1,2"-dinaphthylamine by acidic regrouping of 1,2*-hydra- 
zonaphthalene between the temperatures 0-20°C, 


NH—NH 


For the success of such experiments it was necessary that the initial sample of hydrazo compound treated 
with acid was in the solid phase, Simpler than that, it seemed, was to stir the hydrazo compound crystals with 
aqueous solution of the acids, However, difficulties arise here since 1,2'-hydrazonaphthalene in the crystalline 
state is practically unreactive even with 30% hydrochloric acid at 15-20°; with this acid at higher concentration 
(38-40%) disproportionation and resinification take place; the quantity of p-semidine does not exceed 14% of 
that theoretically possible (table, expt, 1), Better results are obtained by stirring the crystalline hydrazo com- 
pound with the diluted acid in the presence of small quantities of an organic solvent, so that in the solution at 
any given moment there is only a small quantity of the hydrazo compound used, On the whole the reaction 
proceeds rather quickly (in about 1 hr) at 0°, but to complete the reaction the mixture is left to stand for 15 hr 
at 15-20°, The following were tried as solvents: alcohol, acetone, ether, benzene, and petroleum ether, As 
seen in the table, yield of p-semidine never reaches 25-30% of that theoretically possible.* Being highly soluble 
in acetone and alcohol, 1,2'-hydrazonaphthalene readily reacts even with very dilute hydrochloric acid, being 
almost completely converted to 1',2-diamino- to 1',2-dinaphthyl, no p-semidine being observed; these data 
agree with those in the literature [3], 


* We recently satisfied ourselves that p-semidine is also obtained in significant quantities by so called thermal 
regrouping of 1,2*-hydrazonaphthalene, 
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Expt. No, 
oles of 
ydrazo 


Acid 


Solvent 


Yield, % theoretical 


name 


cone,, 


quantity,} name 


ml 


quantity, 
ml 


p-semi- 
dine 


o-di- 
amine 


imine 


azo: 


0.0014 
0.0018 
0.0017 


nar wn 
=) 
. 
> 


HCl 
HCl 
HCl 
HCl 
HCl 
HBr 
H2SO, 
HCl 
HCl 
HCl 


38,0 
18,0 

9,0 
10,0 
17,0 
20.0 
25,0 
10,0 
10,0 
36,0 


Ethanol 

Acetone 

Ether 

Ether 

Ether 

Ether 

Benzene 
Petroleum ether 
Acetone 


1,2'-dinaphtho-1',2-imine (imine), 
2,4*-diamino-1,1*-dinaphthyl (dinaphthylene), 


2. 
3, 
4, 1°-amino-2,2*-dinaphthylamine (o-semidine), 
5, 2-amino-1,1"-dinaphthylamine (o-semidine), 
6. 


4-amino-1,2"-dinaphthylamine (p-semidine), 


15 


RNH—NHR-+H* 2 RNH—NHLR, 


14,0 

8.0 
13.8 
19,7 
24.6 
17,8 
33,0 
15,7 
23.6 


after which, under the action of a second proton, regrouping products are formed [4]: 


RNH—NII,R+4-H* — regrouping products + 2H*. 


51,2 
75,0 
14,0 
71,3 
68,7 
69.7 
56.0 
71.9 
63,8 
98.0 


On regrouping 1,2*-hydrazonaphthalene, the following substances are possible: 
1, 1',2-diamino-1,2'-dinaphthyl (o-diamine), 


5.7 
undeter4 
mined 

7.0 

3.5 

1.5 

3.0 

2.5 

2.6 


Concerning the possible causes of such a significant difference in the results of regrouping 1,2'-hydrazo- 
naphthalene in the first and second instances, we observed the following, For the regrouping to be possible, a 
hydrazo compound must, in the dissolved or crystalline state, first combine with a proton: 


It is very likely that a crystalline hydrazo compound, having combined with a proton, is capable, if only 
partially, of regrouping without going into solution, and that regrouping in the solid phase and in solution as a 
result differ substantially from each other, Turning to analogies, we recall the considerable difference in results, 
which takes place under the action of dry HCl or HBr, on the one hand, on crystalline hydrazo compounds, and on 
the other — on their solutions in absolute ether or benzene [5], 


The required 1,2-azonaphthalene was prepared by the method of Nietzki and Gottig [6], with due regard to 
recent work [7], For this purpose, 8-naphthylamine hydrochloride in hydrochloric acid is diazotized and com- 


bined with «-naphthlamine hydrochloride and the amino group eliminated in the usual manner from the 4-amino- 
1,2*-azonaphthalene obtained, 


By reducing 1,2'-azonaphthalene with zinc dust in alcohol or acetone in the cold, 1,2'-hydrazonaphthalene 
is obtained — a substance melting with decomposition at 141-142°, and which, we were satisfied, on oxidation 
by mercuric oxide in a benzene — alcohol solution, was quantitatively converted anew into 1,2'-azonaphthalene, 


The o-diamine was produced predomenantly, Its structure is not open to doubt: it was obtained by cata- 
lytic reduction of 1',2-dinitro-1,2*-dinaphthyl [3]; besides this, we proved the position of the amino group by 


; TABLE 
— 
| = ods 
| 15 15 83,0 
| 30 15 87,8 
15 30 98,0 
| 30 30 96.8 
| 15 30 - 89,0 
: | 15 30 6.0 98,0 
15 = 6.0 95,2 
30 30 2.4 94,1 
| = | 17 85 | 98,0 
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converting the diamine dihydrochloride into 1,2*-dinaphtho-1',2-imine (by heating for a short time at 240°), 
This imine is formed in certain cases by regrouping 1,2'-hydrazonaphthalene, The third product of regrouping, 
4-amino-1,2'-dinaphthaylamine (p-semidine), is identical with the substance obtained by Levi and Faldino by 
azo-coupling p-diazobenzenesulfonic acid with 1,2*-dinaphthylamine in a hydrochloric acid medium with sub- 
sequent reduction of the azo compound with hydrosulfite, The same authors found that if azo-coupling is carried 
out in an acetic acid medium, 1'-amino-1,2'-dinaphthylamine is obtained after reduction; this compound can- 
not be formed, naturally, on regrouping 1,2*-hydrazonaphthalene, 


EXPERIMENTAL 


4-Amino-1,2*-azonaphthalene, An intimate suspension of 8 -napthylamine hydrochloride (0,3 mole) in 
12% hydrochloric acid (500 ml) was cooled to 0°, and ice (600 g) and sodium nitrite (21 g) added, The diazo 
solution was filtered, and, after thorough cooling (0-4°) and stirring, a hot solution of «-naphthylamine (0,3 mole) 
in 5% hydrochloric acid (750 ml) was added, After 15 hr the precipitate was filtered off, washed, suspended in 
water and made alkaline with ammonia, The unrefined product melted at 135-138°, yield about 95% of theo- 
retical, To purify, it was crystallized from toluene, adding activated carbon, The pure substance formed tetra~ 
hedral prisms (from alcohol) m, p. 145,5-146,5°, 


1,2*-Azonaphthalene, To a solution of 4-amino-1,2'-azonaphthalene (0,05 mole) in ethyl alcohol (950 ml) 
was added sulfuric acid (45 g), and at 55-60°, sodium nitrite (22,5 g in 30 ml of water), The solution was boiled 
for 40 min, cooled, and diluted water (500 ml), After 15 hr the precipitate was filtered off, washed, dried, and 
treated with carbon tetrachloride in a Soxhlet apparatus, Yield of product, melting over the interval 128-130°, 
was about 50% of theoretical; the product was purified by a second crystallization from carbon tetrachloride, 
adding aluminum oxide for this purification, The pure substance formed compact tetrahedral prisms (from 
alcohol) m, p, 144-144,5°, 


1,2'-Hydrazonaphthalene, To a solution of the azo compound (1,00 g) in acetone (80 ml) a 20% aqueous 
solution of ammonia (16 m1) was added, and at 15-20° zinc dust added until the solution was fully decolorized, 
cooled to 0°, filtered and ice water (40 ml) added, The precipitated hydrazo compound crystals were filtered 
off, washed with ice water and ether, M, p, 141-142° (with decomposition), 


Regrouping of 1,2°- hydrazonaphthalene, We shall describe more precisely the experiments shown in the 
table (see expt, 4), A suspension of the hydrazo compound (1,00 g) in ether (30 ml) was stirred with 10% hydro- 
chloric acid (15 ml) in an atmosphere of nitrogen at 0°, after which it was left standing for 16 hr at room tem- 
perature, The precipitate of p-semidine hydrochloride was filtered off, washed with 10% acid (25 ml), ether, 
and converted into the base (0,194 g, m, p, 142-144°), From the hydrochloric acid solution, on rendering alka- 
line with ammonia, the o-diamine separated out (0,703 g, m, p, 134-136°), After distillation of ether there 
remained ¢ mixture of azo compound and imine (0,07 g), from which the azo compound was extracted with 
petroleum ether and the residue treated with benzene to dissolve the imine (to separate it from possible impuri- 
ties), 


1*,2-Diamino-1,2*-dinaphthyl crystallized in very narrow prisms (from alcohol) m, p. 146-147°; the di- 
benzoyl derivative of the o-diamine formed tetrahedral prisms (from acetone) m, p, 253-254°, 


1,2'-Dinaphtho-1',2-imine, The anhydrous dihydrochloride of 1',2-diamino-1,2'-dinaphthyl, obtained 
by the action of anhydrous HC1 on a benzene solution of 1',2-diamino-1,2"-dinaphthyl, was heated for 5 min at 
240° in a sealed tube, Yield of imine was about 90% theoretical, Narrow prisms (from alcohol) m, p, 236-237°, 


Found %: C 89,77; H 5,11; N 5,16, CooHygN. Calculated%: C 89,89; H 4.87; N 5,24, 


4-Amino~1,2'-dinaphthylamine, Tetrahedral prisms (from alcohol) m, p, 151-152°; 4-acetylamino-1,2'- 
dinaphthylamine — narrow prisms (from alcohol) m, p, 182-183°, 


Found %: C 80,95; H 5.63; N 8,55, CopHygN,O, Calculated %: C 80,98; H 5,52; N 8,59, 
4-Benzoylamino~1,2'-dinaphthylamine — prisms (from alcohol) m, p, 246-247°, 
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The starch-iodide reaction was discovered in 1814 by Colin and Gaultier de Claubry [1] and in the same 
year independently of them by Strohmeyer [2], For one and a half centuries a great number of works have been 
devoted to the study of the reaction of iodine with starch and amylose, However, up till now no success had 
been gained in establishing the nature of the combination of iodine with these high-polymers, 


Many investigators of this problem considered starch iodide to be a chemical compound, ascribing to it 
this or that chemical formula [3-8], With the development of colloid chemistry the opinion gained wide-spread 
acceptance that starch iodide is an adsorption compound [9-14], Less favored was the hypothesis which regarded 
starch iodide as a solid solution or as a solution of highly dispersed iodine stabilized by a colloid [15-18], 
Nedzvetskii in 1934 investigated the change in viscosity of solutions of starch iodide and iodoamylose[ 19], and also 
the process of coagulation of the complex, The author proposed that combination of iodine with these polymers 
proceeds in two phases, In the first phase combination of iodine proceeds as in ordinary chemical reactions, 
this phase being completed when 1 g of dissolved starch has combined with 38,4 g of iodine, or 1 g of amylose 
with 53,4 mg of iodine, Finally, in the second phase, an adsorption compound is formed, 


In 1939 Freundenberg [2] to elucidate the structure of starch iodide, used the spiral (screw-shaped) model 
proposed in 1937 by Hanes [21] for elucidation of the «-amylate decomposition of starch, Through the central 
axis of the canal of this model were spread iodine molecules as a polyiodide chain forming a closed compound, 
Subsequently Rundle and co-workers [22-26] and others investigated and confirmed Freundenberg's conception, 
However, even this spatial model does not reveal the character of the bond between iodine and polymer molecule, 


The inconsistency of the experimental data published in the literature regarding this question can be attri- 
buted to main causes, Firstly, complexes were investigated which included a differing, often even a quite in- 
definite, quantity of iodine to one part by weight of polymer, Secondly, the investigation of the course of the 
reaction was carried out within arbitrarily taken, as a rule, very narrow intervals for values of the components 


of the complex, An exception was the work of Nedzvetskii [19], who first succeeded in clearly observing the 
dual character of iodine addition, 


At the present time we do not have at our disposal reliable experimental data regarding the character of 
the bonding of iodine to molecules of starch and amylose, The data in the literature regarding the quantitative 


relationships between the components in the process whereby iodine is combined with a high-polymer molecule 
is also contradictory and needs clarification [15-27], 


Study of the iodine-starch reaction not only has theoretical significance, but also a great practical one, 
Solutions of starch iodide and iodiamylose possess clearly defined antimicrobic properties with a wide sphere of 
action [28], and nontoxic and positive effects in the cure of a number of illnesses [29], 
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Fig, 1, Absorption curves for aqueous solutions 
of iodoamylose with layer thickness 0,1 cm: a) 
Cof amylose 0,1 by weight %; Cy, 9.03%, 
Iodine introduced into solution together with 
ethyl alcohol; b) Cog amylose 91%; Cy, 0.01%. 
Iodine introduced into solution together with 
ethyl alcohol; c) Co amylose 9-04%; Cy, 
0.017%, Iodine introduced mixed with KI 


310° b 


2+108 


[1]/fpolymer} 
Fig, 2, Dependence of molar absorption in- 
dex Kgo9 of iodine for , = 600 my on the ratio of 
iodine content to high-polymer in solution: a) 


ratio of iodine to starch; b) ratio of iodine to 
amylose, 


Fig. 3. The relation between (a) 
optical density of solutions (D) of 
starch iodide under conditions of 
constant starch concentration, and 
(b) varying iodine concentration 
for \ = 600 mp, Thickness of 
layer of solution was 0,011 cm, 


The circumstances indicated induced us to use 
in the study of this reaction an investigation of the 
absorption spectra of solutions of starch iodide and 
iodoamylose in the range 220-800 my. 


EXPERIMENTAL 


0.1-1,0 % solutions of starch iodide were pre- 
pared from soluble starch to the specification "Reaktiv 
(Reagent) OST 27, GOPKh 1866" in double-distilled 
water by the action of the calculated quantity of iodine 
in a solution of potassium iodide or in ethanol, The 
iodine preparation to specification *kh, ch® was sub- 
jected to double distillation, Amylose was prepared 

by the diffusion method of Juzzeman and Bartel [3] 
from potato starch, Spectrophotometric investigations 
were carried out at room temperature on an SF-4 spec- 
trophotometer, Colorimetric determinations were per- 
formed on an FEK-M photoelectric colorimeter, 


Electron absorption spectra of aqueous solutions 
of starch iodide and iodoamylose in the range 220- 
800 mp are characterized by four absorption bands 
with maxima at 226, 288-290, 344-360, and 585-620 
mu. The first two maxima are not steady for the blue 
solutions of these high iodo-polymers. The maximum 
at 226 my is observed only when iodine is dissolved 
together with a metallic iodide, for instance, in the 
presence of potassium iodide, Thus it is absent in the 
spectrum of solutions of high iodo-polymers obtained by 
the action of an iodine solution in ethanol on the poly- 
mers (Fig, 1a, b), The maximum at 288-290 muy is 
met with a relatively high corcentrations of iodine; 
as seen in Fig, 1, this maximum is observed, for in- 
stance, in the case of the ratio 0,3-0,42 I/1 g of amy- 
lose (Fig. 1a, c), and is absent with 0.1 I/1 g of amy- 
lose (Fig, 1b), The absorption bands at 344-360 my 
and 585-620 my are constant in the absorption spectra 
of all the iodine solutions investigated by us in the 
presence of high-polymers, As known already, the 
absorption band with a maximum at 344-360 my occurs 
in the absorption spectra of aqueous and alcoholic 
iodine solutions; consequently, this absorption band is 
not connected with the presence of high-polymers, At 
the same time, this absorption band is met with in the 
spectra of all aqueous solutions of high iodo-polymers, 


Values for the absorption index Kk, were deter- 
mined by us where A = 600 my and with concentrations 
of starch as follows: 0,1; 0,25; 0,5; and 1,0 per 100 ml 
of water, For the system HO — Iz ~KI— starch, and 
also HzO — I, — starch the maximum value of Kgoq 
was obtained when the ratio I,/starch equalled 40 mg 
I,/1 g starch, For the system HO — 1, — KI~ amylose 
K goo had a maximum value when the ratio I,/amylose 
equalled 53,3 mg I,/1 g amylose, As seen in Fig, 2, 
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values of kK) lower than this limit fell quickly, Maximum values of K , obtained by us agreed very well with 
the data of Nedzvetskii given above [19], and also with the results of Hollo and Szejtli [31] obtained by ampero- 
metric titration, 


The isotherm for iodine adsorption by starch obtained by us (Fig, 3) showed the dual character of this 
process: in the interval 0,01-0,04 g I,/1 g of starch it took the form of a linear function, and subsequently 
(0,04 — 0.5 g 1,/1 g of starch) took the form of an adsorption isotherm, 


However, in our opinion, this does not constitute a basis for proposing that, in the first section of the 
optical density isotherm, combination with iodine proceeds at the expense of the main valences, i,e,, as in 
usual chemical reactions, We are able to confirm only that in the first phase of the reaction (in the first sec- 
tion of the optical density isotherm) combination with iodine is accompanied by complete compliance of the 
solution with the law of Buger — Beer, and in the second phase of the reaction the optical density curve assumes 
the form of the adsorption isotherm of Freundlich, Besides this undoubted difference, the important element 
of similarity between the two reaction phases should also be noted: as shown by the increase in optical density 
to Amax 600 mu in the second section of the isotherm, concentration of absorption centers or coloration 
centers, i,e., the coloration of the solution continues to increase, evidently, until the amylose becomes saturated, 


The persistent omission met with in the literature regarding the dual character of the iodo-starch reaction 
stems from the incorrect choice of concentration of iodine reacting with the polymer, This leads to a one- 
sided interpretation of the mechanism of the combination with fodine and to the original generalization of 
results obtained within narrow intervals on small sections of the optical density isotherm, 


As an example the article of Meyer and Bernfeld [27] may be quoted, in which the authors limited them- 
selves to a very narrow interval within the limits of the first section of our isotherm, It was observed that on 
doubling the concentration of one of the components the intensity of the coloration, proportional, in the authors" 
opinion, to the concentration of blue combination product, increased approximately 3,3-4 times, This was ex- 
pressed by the relation: [K+ starch Ip] = [starch]" [I,]™, where nandm * 2, K being a constant, In spite of 
the fact that this relation refutes our spectrophotometric data, we decided to repeat the experiments of Meyer 
and Bernfeld, using a photoelectric colorimeter, We used two light-filters: Ajax 410 mp (blue) and \ max 
595 mp (yellow), With increase of iodine concentration in the ratio 1: 2 and constant starch concentration, 
the latter being in considerable excess, we obtained the following ratios for optical densities: with blue light- 
filter — 1) 1: 1,99; 2) 1: 2,08; 3) 1: 2.02 (mean value 1: 2,03; in [27] 1: 4), with yellow light-filter — 1) 1: 1,79; 
2) 1: 1,93; and 3) 1:1,85 (mean value 1: 1,86; in [27] 1: 3,3), On repeating the experiments of Meyer and 
Bernfeld with amylose(the iodine complex was obtained by reacting an aqueous iodine solution with an amylose 
solution), the following values were obtained with the yellow light-filter ( Apjax 595 mp): 1) 1: 1,76; 2)1:1,72 
(mean value 1; 1,74, in[27] 1:4), Thus, the colorimetric data obtained by us do not confirm the conclusions 
of Meyer and Bernfeld, and are in complete agreement with the results of our spectrophotometric investigations, 


The dual (two-phase) character of the iodine — starch reaction was established by a study of the changes 
in viscosity of solutions of iodo high-polymers and of the coagulation process of the complex [19], by ampero- 
metric titration [29], and by spectrophotometric investigations of the systems: 1) HzO — I, — KI— starch; 2) 
— starch; and 3) — I, — KI— amylose, 
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As is already known, thermal destruction of polymers is a radical-chain process [1], These ideas are sup- 
ported by a large number of indirect experimental proofs, Following the advent and widespread development 
of the inethod of electronic paramagnetic resonance (e.p,t.), which permitted the discovery of radicals in con- 
centrations greater than 5-10" g, the possibility arose of studying the mechanism of polymer destruction by a 
direct method, 


In the present work we studied the kinetics of the thermal destruction of epoxide resins cured with maleic 
anhydride and a polyethylenepolyamine, Following this, an attempt was made to determine the radicals obtained 
by the e.p,r, method, 


The kinetics of the thermal destruction of epoxide resins was studied using three methods: by gas libera- 
tion,,by loss of weight of the residue, and by determination of the radicals by the e,p.r, method, The results 
obtained by us are shown schematically in Fig. 1, An attempt to observe radicals the e,p,r, method gave posi- 
tive results only in the very late stages of the course of the process, 


Analysis of gaseous products showed the presence of significant quantities of methane, carbon monoxide, 
formaldehyde, acetaldehyde, and acrolein, Gas liberation practically ceases 5-15 min after beginning the reac- 
tion, depending on the temperature, However, the process of thermal destruction continues, liquid products of 
comparatively low molecular weight distilling off from the polymer, The formula is shown below for the epoxide 
resin molecule cured with maleic anhydride, 


—O—CH,—CH—CH,—ORO—CH,;—CH—CHy 
| 
HC--CO 


HC—CO 


| 
CH;—CHOH—CH,—0 [ROCH; CHOHCH,O},,, 
Le) 


ite 
4 

| 
CHs 
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CH,—CH—CH,0 


We propose that the terminal groups are very easily detached from the polymer, 


O—H O 
This radical can isomerize into the radical ik . from which are formed acrolein and hydroxyl. 
CH H 


H 


Besides this, the initial radical can decompose into a molecule of CH,O and the radical 


CH,—CH. Asa 


result of isomerization of this radical, an acetyl radical CH, — CO can be obtained, which, by removing a hy- 
drogen of the epoxide resin, forms acetaldehyde, Finally, the acetyl radical can decompose into CO and CH; . 
The latter, combining with hydrogen, is converted into methane, The proposed scheme explains the formation 
of all the products of thermal decomposition of the epoxide resin found in the gaseous phase, Besides the re- 

moval of the terminal groups, the bonds between the carbon atoms in the aliphatic sections of the epoxide resin 
chains can also be disrupted, Volatile products of low molecular weight are formed in the process, 


10 oerst. 


Fig. 1. Scheme of the kinetics of the Fig. 2. Asample of the signal 
processes occurring on thermal decom - for stable radicals formed on 
position of cured epoxide resins as de - decomposition of cured epoxide 
termined by gas evolution (1), by loss resins. Signal width is 10 oerst, 
of weight (2), by accumulation of rad- 

icals (3). 
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Fig, 3. Kinetics of the accumulation of stable radicals on 
decomposition of epoxide resins cured with maleic anhydride 
(left) and with polyethylenepolyamine (right), 1,4) taken at 
350°C; 2,5) at 375°; 3,6) at 405°, 
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7 7 
Fig. 4, Relation between rate of 
thermal destruction of epoxide resins 
cured with maleic anhydride (left) 
and with polyethylenepolyamine - 
(right) and temperature, 1,4) ac- 
cording to .inetics of gas evolution; 
2,5) according to loss of weight; 3,6) 
according to rate of accumulation 
of stable radicals, 


In all cases observed, the reaction proceeds through 
active radicals which cannot be isolated in large quantities, 
and so cannot be observed by the e,p.r, method, 


However, it is also possible to disrupt such bonds in 
diphenylolpropane, this leading to the formation of stable 
radicals, The latter are able to accumulate in large con- 
centrations and can be readily observed by the e.p.r, method, 
It is possible that the formation of stable radicals on thermal 
destruction of cured epoxide resins proceeds as a result of 
disruption of the phenyl-carbon bond, leading to the forma- 
tion of semiquinone structures, The singlet signals observed 
by us for the radicals are shown in Fig, 2, They have the 
same form as the signals obtained by Ingram [2] during a 
study of coal destruction, by Berlin and Blumenfeld [3,4], 
by Topchiev [5], and Voevodskii [6] during investigation 
of polymers with a system of conjugated bonds, and also 
of a series of charred materials, The radicals registered by 
us have a lengthy existence: their concentration changes 
relatively little over a period of a month (at room tem- 
perature). 


In Fig, 3, is shown the kinetics of the accumulation of 
stable radicals on thermal decomposition of epoxide resins 
cured with maleic anhydride (Fig, 3a) and with polyethyl- 
enepolyamine (Fig, 3b), Data on the kinetics of the thermal 
decomposition of cured epoxide resins by gas evolution and 
by decrease in weight of residue were also obtained by us 
over a wide temperature range, The latter data have been 
published in part [7, 8]. 


The data obtained by us permitted separate evaluation of the energies of activation of three parallel 
processes occurring during thermal destruction of cured epoxide resins: of the first - by gas evolution, of the 
second — by loss of weight of residue, and of the third — by rate of accumulation of radicals, 


In Fig, 4, is shown the relation between the rates of these processes and temperatures, employing the 
coordinates 1 g w and 1/T, It appeared that in the thermal destruction of epoxide resins cured with maleic 
anhydride-energies of activation of the first, second, and third processes were equal respectively to 30, 26, 
and 53 kcal/mole, and in the case of epoxide resins cured with polyethylenepolyamine, 25, 35, and 44 kcal/mole, 


It can be assumed that the first two processes are connected with disruption of less stable bonds, and the 


third—with disruption of more stable bonds. 


The experiments described showed that using modern e,p.r, techniques it is difficult to observe active 
radicals, but observation of radicals with low activity during destruction of polymers is a realizable proposi- 


tion, 


The authors express their thanks to Z, P, Egorova and O, L, Lependina for assistance in obtaining e.p.r. 
spectra, and to E, G, Ginzberg for assistance in determining aldehydes by polarography, 
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Esters of unsaturated phosphinous acids have been little studied, Of them are known only a small number 
of esters of vinyl-, ethinyl-, and p-vinylphenylphosphinous acids [1], Investigation of similar compounds offered, 
from our point of view, considerable interest, They could be the starting materials for synthesis of various sub- 
stances, among them biologically active and high molecular ones, and could also serve as convenient subjects 


in the study of the mutual influence of the multiple bond and trivalence of the phosphorus atom on the reactivity 
of the molecule, 


The present work, wherein are described the dibutyl ester of allylphosphinous acid and certain of its deriva- 
tives, is an extension of the investigations in our laboratory on the synthesis of phosphinous esters and their various 
derivatives [2, 3], The dibutyl ester of allylphosphinous acid was prepared by reacting allylmagnesium bromide 
with dibutylchlorophosphite at a temperature of —60°C [1]. 


CHa =CH—CHMgBr-{- PCI = =CH—CHyP + MgCIBr. 


The reaction was carried out in a dry ethereal medium, During its course, we did not observe formation 
of the complex compound consisting of the ester synthesized with magnesium halides which took place during 
the preparation of the dibutyl ester of vinylphosphinous acid, 


The ester prepared was a colorless liquid with a characteristic phosphinic odor, readily combining with 
atmospheric oxygen, and when placed on cotton wool or paper, oxidizing with evolution of a large amount of 
fumes, To confirm its structure we studied certain combination reactions at the phosphorus and at the double 
bond, the reactions being compared with those of the dibutyl ester of vinylphosphinous acid [1] (the difference 


in behavior of the two esters is evidently governed by the position of the double bond relative to the phosphorus 
atom), 


The dibutyl ester of allylphosphinous acid reacts with cuprous iodide alone with evolution of heat, It 


reacts vigorously with sulfur and selenium, forming the corresponding esters of allylthio- and allylselenophos- 
phinic acids, 


In contrast to the dibutyl ester of vinylphosphinous acid, where Arbuzov regrouping is complicated by 
condensation reactions, isomerization of the allyl analog, as was expected, proceeds readily, On heating to 
117° with butyl iodide in a sealed tube, regrouping ceases after 20 min, These facts are evidence of the 
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trivalent structure of the phosphorus, Presence of 
a double bond in the ester is proved by chlorina- 
tion of the isomerized product at a temperature of 
—5 — 0°, as a result of which the butyl ester of 
butyl- 8, y -dichloropropylphosphinic acid is ob- 
tained, The latter is insufficiently heat-stable 

and during distillation partially decomposes with 
splitting off of hydrogen chloride, The tendency 
to split off hydrogen chloride in phosphinous and 
phosphinic derivatives containing 2 chlorine atoms 
in the molecule has been observed by other authors 
also [4, 5, 6]. 


Yields, constants, and analytic data of the 
compounds synthesized are given in the table, 


EXPERIMENTAL 


All operations connected with the prepara- 
tion and reactions of the dibutyl ester of allyl- 
phosphinous acid were carried out in an atmos- 
phere of pure nitrogen, 


I, Dibutyl ester of allylphosphinous acid, 
A solution of allylmagnesium bromide [7] 63 g 
(2.62 g — at.) of magnesium, 106 g (0.87 g-mole) 
of allyl bromide, and 850 ml of ether was added 
to a solution of 186 g (0.82 g-mole) of dibutyl- 
chlorophosphite in 400 ml of ether at a tempera- 
ture of -65 —- -55°, After addition was completed, 
the ether was evaporated off in vacuo, the residue 
washed by decanting with petroleum ether (4 
x 200 ml), The latter was evaporated off, and 
the residue distilled, 


II, Dibutyl ester of allylthiophosphinic acid, 
0.65 g (0,02 g-at.) of sulfur was added with stir- 
ring to a solution of 4,33 g (0,019 g-mole) of the 
dibutyl ester of allylphosphinous acid in 20 ml 
of benzene, After solution of sulfur the mixture 
was heated for 2 hr, The benzene was evaporated 
off, and the residue distilled in vacuo, 


Ill, Dibutyl ester of allylselenophosphinic 
acid, 1,75 g (0,022 g-at,) of selenium was added 
to 4,8 g (0,022 g-mole) of the dibutyl ester of 
allylphosphinous acid, The mixture was heated 
for 3 hr at 90-100°, and on cooling was distilled 
in vacuo, 


IV, Butyl ester of allylbutylphosphinic acid, 

12,5 g (0,057 g-mole) of the dibutyl ester of allyl- 
phosphinous acid and 10,13 g (0,055 g-mole) of 
butyl iodide were heated in a sealed tube in a 
dilatometer in n-butyl alcohol vapor (117°), After 
20 min, decrease in volume of the mixture ceased, 
A control two-hour heating did not result in further 
volume change, The product was distilled in vacuo, 
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V. Butyl ester of butyl- 6, y -dichloropropylphosphinic acid, Into a solution of 15 g (0,07 g-mole) of the 
butyl ester of butylallylphosphinic acid in 20 ml carbon tetrachloride at —5 — 0° chlorine was passed until the 


theoretical gain in weight had been achieved (4,8 g), The solvent was evaporated off, The residue was distilled 
in vacuo, 
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As shown by Temnikova, Baskova, and Khaimova [1], iodochloride reacts dissimilarly with 1,1-diphenyl- 
ethene (I) and with 1,1-diphenyl-1-propene (II): in the first case, normal combination proceeds according to 
Markovnikov's rule, but from hydrocarbon II, instead of the expected 1-chloro-2-iodo-1,1-diphenylpropane, 
2-chloro-1,1-diphenyl-1-propene was obtained, The reaction was accompanied from the outset by liberation 
of iodine and hydrogen chloride, and for its completion two moles of iodochloride were needed, At first it was 
assumed that II and iodochloride form 1-iodo-2-chloro-1,1-diphenylpropane, which splits off hydrogen fodide 
spontaneously, the latter giving along with iodochloride, iodine and hydrogen chloride, 


Combination not in accordance with Markovnikov's rule was ascribed to the influence of the methyl group, 
However, investigation of the reaction of iodochloride with 1,1-di-(p-tolyl)-1-propene (III), carried out by one 
of us according to Temnikova's hypothesis [2], showed that the latter hydrocarbon behaves similarly to I. Since 
it is difficult to assume that the orientating influence of the methyl group on the course of the combination with 
iodochloride can predominate over the influence of two phenyl and, in particular, two p-tolyl groups, we decided 
to seek another explanation for the final results, Unique evidence that combination of iodochloride with hydro- 
carbons II and III is not in accordance with Markovnikov's rule was the position of the chlorine atom in the un- 
saturated monochlorides isolated, In the literature, however, examples are described of the substitution of an iodine 
atom by a chlorine atom under the action of iodochloride [3, 4]. If such a substitution takes place under ourcon- 
ditions also, then this evidence is shown to be invalid, It was shown by one of us [5] that, on reacting I with two 
moles of iodochloride, after addition of the first mole of iodochloride liberation of iodine and hydrogen chloride 


commences, and as a result 1-chloro-2-iodo-1,1-diphenylethane is no longer obtained, but instead, 2-chloro- 
1,1-diphenylethene, 


We also studied the reaction of iodochloride with trans-1,2-diphenyl-1-propene (a -methylstilbene, IV), 
In this case, even with cooling from the outset of the reaction, liberation of iodine was observed, Hydrogen 
chloride, however, was evolved only towards the end of the reaction, 1,2-dichloro-1,2-diphenylpropane was 
isolated from the mixture (probably as a mixture of diastereomers), and on treatment with alcoholic alkali gave 
the two previously described crystalline isomers of 1-chloro-1,2-diphenyl-1-propene (the low-melting isomer 


occurs only as an oil) [6], Hence liberation of iodine and evolution of hydrogen chloride result from two differ- 
ent reactions, 


The above facts induced us to accept the following reaction scheme, general for the reaction of all the 
investigated hydrocarbons I-IV with iodochloride: 
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Ar Cl Cl Ar 


Cl 


Ri Ri Re 
Ar Ri Ar Ri Re 
I—GHs GH, H | a—CH;—GH, CHs 
I—CoHs CHs | CHs CoHs 


From the above it is seen that the relative velocity of the separate steps in the process and the stability of 
the intermediate products depends markedly on the structure of the initial hydrocarbon, In the case of hydro- 
carbons II-IV the slowest step is the first, and so in these cases it was impossible to isolate 1-chloro-2-iodo 
derivatives which would have permitted an estimate of the course of the combination with iodochloride, 


From confirmation of scheme (I) it was necessary to establish the course of the combination of other polar 
molecules with II, since in the literature there was insufficient reliable information to resolve this question [7]. 
Following the example of Tiffeneau [8], we attempted to convert II into the iodohydrin and act on the latter with 
silver nitrate, Depending on the structure of the iodohydrin, the following reaction could be expected: 


OWT CH 
C—CH—CH, cH, —CO—CH—GHs (2a) 
Lots” 
C=CH—CH; i 
7 N\upGoHs OH 
CoHs ! 
CH—CO—CHs (2b) 


LC,Hs 


A preliminary experiment gave, however, the carbonyl compound in inadequate yield, Taking into account 
that the B-iodoester is more stable than the corresponding iodohydrins, we reacted II with iodine in the presence 
of yellow mercuric oxide and methyl alcohol and then treated the product obtained with silver nitrate solution, 
From the reaction mixture we isolated only D L-methyldesoxybenzoin in about 78% theoretical yield, This shows 
that the intermediate § -iodoester had the structure 1-methoxy-2-iodo-1,1-diphenylpropane, i,e,, the attachment 


of the iodine atom and the methoxy group to II proceeded according to the classical Markovnikov's rule (see 
scheme 2a), 


Similarly, desoxybenzoin was obtained from I, i.e,, the same result as was obtained via its iodohydrin [8]. 


Only from I was success gained in obtaining the crystalline B-iodoester in the pure state, The same product 
was obtained more conveniently from I, iodochloride, and methanol, 


Reaction of 1-methoxy-2-iodo-1,1-diphenylethane with excess iodochloride in a methanol medium led to 
its partial conversion to desoxybenzoin (in chloroform the main reaction to proceed was substitution of an iodine 
atom by a chlorine atom, regrouping being a side reaction), This experiment shows that iodochloride is capable 
of evoking regrouping of a pinacoline type through the splitting off of hydrogen iodide from compounds of the 
type indicated, This indirectly explains the origin of the unsaturated monochlorides with a regrouped carbon 


skeleton which are formed in small quantities on reacting II [1] or III [2]* with iodochloride, as seen from the 
following scheme: 


Ar 


Ci I 


Ri 


EXPERIMENTAL 


Reaction of 1,2-diphenyl-1-propene (IV) with iodochloride. To a solution of 4,85 g (0,025 g-mole) of 
a -methylstilbene (m, p, 81.5-82,5°C [9]) in 25 ml of dry chloroform, 8.13 g (0,050 g-mole) of iodochloride 
solution was added dropwise, Hydrogen chloride evolution gradually commenced, On the following day the 


* The experiment was repeated by us, the products being isolated by chromatography on aluminum oxide, and 
not by distillation. 
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reaction mixture was washed with sodium thiosulfate solution, After distillation of the chloroform in vacuo, 
6,55 g of a mixture of crystals and oil remained, The oil was extracted with cold methanol, and the crystals 
recrystallized a number of times from alcohol, A colorless, crystalline substance with m, p, 104-106° was 

obtained, 


Found %: C 67,30, 67,50; H 5,42, 5,32; Cl 27,09, 27.00, CysHyyCl2. Calculated %: C 67,93; H 5,32; 
Cl 26,74, 


A portion of the crystals (1,2-dichloro-1,2-diphenyl propane) was heated for 2 hr on a water bath with a 10% 
alcoholic caustic potash solution, From the residue, after distilling off alcohol, a mixture of crystals and oil was 
extracted with benzene, To increase the quantity of crystals, the mixture was heated as in [6] at 120° for 15 hr, 
From the reaction mixture two colorless products separated, and were purified by recrystallization from glacial 
acetic acid, The first of them melted at 121-122,5° and did not show a melting point depression when mixed 
with 1-chloro-1,2-diphenyl-1-propene, described in [6], The second product had m, p. 50-51° and proved to 
be an isomer of the first. 


Found %: C1 15,40, 15,15, CysHygCl, Calculated %: Cl 15,50, 
When analyzed, the intermediate crystalline or liquid fractions showed the same chlorine content, 


The low-melting 1-chloro-1,2-diphe nyl-1-propene took the forin of long needles, readily soluble in the 
usual organic solvents, somewhat less so in alcohol and glacial acetic acid, It was also successfully prepared 
as in[6], From the oily reaction product the same unsaturated monochlorides were similarly obtained, 


Conversion of 1,1-diphenyl-1-propene (II) into 1,2-diphenylpropanone (I), To a mixture of 1,94 g 
(0.01 g-mole) of II (m, p, 48-49,5°), 0,012 g-mole of freshly prepared dry yellow mercuric oxide and 25 mlof 
methanol was added dropwise with stirring 0,02 g-mole of iodine dissolved in 30 ml of methanol, The mixture 
was stirred for 3 hr, On the following day the precipitate was filtered off, the filtrate concentrated by partial 
evaporation of methanol, and a concentrated aqueous silver nitrate solution added to the residue, whereupon 
silver iodide precipitated out immediately, About 1.65 g (78% theoretical) of a ketone with m, p, 48-50° was 
isolated from the solution, A sample mixed with an authentic sample of D,L-methyldesoxybenzoin [10] did 
not show a melting point depression, The ketone was also identified as the semicarbazones as described in [11], 


Synthesis of 1-methoxy-2-iodo-1,1-diphenylethane from 1,1-diphenylethene (I), a) Using the method 
described, 4,14 g of hydrocarbon [ was reacted with iodine and methanol in the presence of yellow mercuric 
oxide, The mixture was stirred for several hours, then diluted with water, the precipitate of mercuric iodide 
removed by filtering, and the filtrate extracted with chloroform, After evaporating off chloroform the residue 
was recrystallized from alcohol, 5,94 g (76% theoretical) of 1-methoxy-2-iodo-1,1-diphenylethane was ob- 
tained, with m, p, 86-87°, The product, recrystallized for analysis, melted at 86-87,5°, 


Found %: C 53,54, 53,46; H 4,63, 4,55, CysHysOL. Calculated %: C 53,27; H 4.47. 


1-Methoxy-2-iodo-1,1-diphenylethane took the form of colorless, long prisms, readily soluble in the usual 
organic solvents, On storing for over a week it began to yellow and decompose, 


b) To a suspension of 2,70 g (0,015 g-molt) of I in 20 ml of absolute methanol, a solution 2,68 g (0,0165 
g-mole) of iodochloride in 30 ml of methanol was added dropwise with stirring, The mixture was stirred for a 
further 2 hr, The precipitate separating out was filtered off and washed with methanol, Yield 2.05 g.m.p. 
85-87°, A sample mixed with 1-methoxy-1-iodo-1,1-diphenylethane from a) did not show a melting point 


depression, A further 1,72 g of the same substance (overall yield 74% theoretical) was isolated from the metha- 
nol filtrate, 


Regrouping of 1-methoxy-2-iodo-1,1-diphenylethane, a) with silver nitrate: a solution of 1,01 g (0,003 
g-mole) of 1-methoxy-2-iododiphenylethane in 15 ml of methanol was mixed with an aqueous solution of 0,68 g 
(0,004 g-mole) of silver nitrate, Silver iodide precipitated immediately, On the following day the precipitate 
was filtered off, the filtrate diluted with water and extracted with chloroform, After distillation of chloroform 
the residue was recrystallized from methanol, 0,40 g (68% theoretical) of desoxybenzoin was obtained with 


m, p. 54-56° (identification was carried out by means of a melting point sample and by conversion to the semi- 
carbazone), 


1429 


b) With fodochloride, a mixture of 5,07 g (0,015 g-mole) of 1-methoxy-2-iodo-1,1-diphenylethane and 
3,09 g (0,019 g-mole) of fodochloride in 70 mi of methanol was stirred for 10 hr and left to stand for about 
another one and a half days, The precipitate, 2,34 g, was unchanged initial product, By diluting the filtrate 


with water and recrystallizing the precipitate from ethanol, a further 1.96 g of the initial substance was separated 
in all, 85%, 


From the mother liquors we were successful in obtaining by the dinitrophenylhydrazine method [12] 0,63 g 
(11% theoretical) of the 2,4-dinitrophenylhydrazone of desoxybenzoin with m, p, 198-200°, The melting point 
when mixed with an authentic sample was not depressed, 


A control experiment carried out in the absence of iodochloride gave 99% of the original 1-methoxy-2- 
fodo-1,1-diphenylethane and no traces of the 2,4-dinitrophenylhydrazone of desoxybenxoin, 


We express our thanks to Prof, T, I, Temnikova for advice in carrying out this investigation, 
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In our recent communication [1] it was shown that acid chlorides of ethyl-a, 8-dihaloethylphosphinic 


acids readily undergo therma! or catalytic decomposition with formation of acid chlorides of ethylhalovinyl- 
phosphinic acids, 


Considering the possibility of the reaction proceeding by two routes, viz.: 


CH = CHX 


the question of the position of the halogen in the viny] radical was temporarily left unsolved, although owing 
to a variety of considerations preference was given to the variant with the halogen attached to the B-carbon atom, 


To establish the structure of the compounds described, we decided to make use of the ozonization of esters 
of ethylchlorovinylphosphinic acid with subsequent identification of the decomposition products using dimedon, 
As a result of ozonization of the propyl and isobutyl esters of ethylchlorovinylphosphinic acid, after a series of 
appropriate procedures, a crystalline product was obtained in both cases which in melting point (189,5°C) corres - 
ponded to the condensation product of dimedon and formaldehyde, The latter, evidently, can be formed only 
when the halogen in the above compounds is in the « -position, according to the scheme 


C,H; O C,H; O 


+0, ll +H,0 \ ll 
H, PCOX + CH,O. 


RO 


Thus, as a result of thermal or catalytic dehydrohalogenation of acid chlorides of ethyl-«, 68 -dihaloethylphos- 
phinic acids, acid chlorides of ethyl-«-halovinylphosphinic acids are formed, and, consequently, we have to 
change our original view and agree with that of M, I, Kabachnik and T. Ya, Medved’, who recently reported 


the preparation of the diethyl ester of bromovinylphosphinic acid [2], for which was proposed a structure with 
the bromine atom at the & -position, 


4 

IN CX = CH, 

O Cl 4 

C,Hs5P 

Nc 

| 

CHs_O 

. 
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It appeared of interest to prepare derivatives of ethyl-8 -halovinylphosphinic acid to compare their physical 
constants and properties with the previously described derivatives of ethylhalovinylphosphinic acid, the halogen 

in which, as was shown above, is attached to the @-carbon atom, This enabled us to carry out, however, a rather 
unexpected procedure, As is known, phosphorus pentachloride readily reacts with various ethylene ethers, includ- 


ing also simple vinyl ones, this being first reported by K, N, Anisimov and A, N, Nesmeyanov [3]. According to 
the general scheme 


-+-2S0, 
2PCls -+- CH, = CHOR — ROCHC] 


ROCH = CH2POCI. POCIs -f- -}- HCl, 


by which means a series of acid chlorides of B-alkoxyvinylphosphinic acids was obtained, 


We proposed carrying out the reaction with ethyltetrachlorophosphine, expecting that the reaction would 
proceed similarly, and as a result, acid chlorides of ethyl-8-alkoxyvinylphosphinic acids would be formed, How- 
ever, investigating the reaction between ethyltetrachlorophosphine and butylvinyl ether, we observed that the 
suspension of ethyltetrachlorophosphinine in absolute benzene decreases in amount as the vinyl ether was added 
(in the cold) and completely disappeared on adding the latter in equimolecular proportion; the solution became 
homogeneous, This was of interest because in the case of the reaction of vinyl ethers with phosphorus penta - 
chloride crystalline intermediate products were formed, insoluble in benzene, the reaction medium, 


Since the reaction mixture in our case became homogeneous, we decided to eliminate the step of treat- 
ment with sulfur dioxide and proceeded directly with distillation, After distillation of benzene and of a vacuum, 
about half the residue consisted of a range of comparatively low-boiling and temporarily unidentified fractions, 
The other half after distillation had been repeated twice, gave a fraction which according to the analytical 
data and comparison of molecular refractions, found and calculated, corresponded most probably to the acid 
chloride of ethylchlorovinylphosphinic acid, The product was a slightly yellow, mobile liquid with a somewhat 
sharp odor, fuming slightly in air and decomposed by water, On adding a sample of the substance to a solution 
of bromine in chloroform or directly to bromine, no noticeable reaction was observed, the bromine being de- 
colorized, however, after several days, 


A product identical with that described above, was also obtained by reacting ethyltetrachlorophosphine 
and vinylisopropyl ether, By reacting the product with ethanol by the standard method, i,e., in absolute diethy] 


ether in the presence of pyridine, a substance was obtained which according to the analytic data corresponded 
to the ethyl ester of ethylchlorovinylphosphinic acid, 


This estimate of the structure indicated was confirmed by the data of the infrared spectrum of the latter 
product, Intense absorption bands in the region 760 cm~', 1020-1060 cm~', and 1250 cm™', according to the data 
in the literature [4], indicated respectively the presence of the bonds C—Cl, P—O-—C, and P=0; the following 
confirmed the presence of a double bond: an absorption band in the region 1635 cm~' (valency vibrations of the 
C=C bond) and an intense absorption band in the region 820 cm! (vertical deformation vibrations of the C-H 
bond in the case of — CH = CHCI[4]. 


On the basis of the results obtained we considered it possible to conclude that the interaction of ethyltetra- 
chlorophosphine and simple vinyl ethers differs substantially from the interaction of the latter and phosphorus 


pentachloride and, as a result, leads to formation of the acid chloride of ethyl-68-chlorovinylphosphinic acid, 
according to the general scheme 


CH = CHCI 


CHz = CHOR + C,HsPCl, > + RCI + HCI. 


Cl 


Adoption of the structure with the chlorine attached to the 8-carbon atom in this instance resulted from the fact 
that boiling point, refractive index, and specific gravity were noticeably higher that the same properties for the 
acid chloride of ethylchlorovinylphosphinic acid obtained by catalytic dehydrochlorination of the acid chloride 
of ethyl-a, 8 -dichloroethylphosphinic acid in which the chlorine is also the &-position, Similar variation in 
physical properties was observed in the case of the ethyl esters of the above acids, 


; 
4 


The study of the interaction of ethyltetrachlorophosphine and vinyl ethers continues, 


We express our thanks to R, V, Lindval and N, V, Oslina for carrying out spectral analyses, 


EXPERIMENTAL 


1, Into a liter three-necked flask were poured 500 ml of abs, benzene and 115 g of ethyldichlurophosphine, 
A stream of carbon dioxide was blown through the system, After cooling the mixture to—10°C, with vigorous 
stirring a stream of gascous chlorine was passed into the flask at a ratc allowing the temperature to be held with- 
in the limits—10 —+10°, Aiter 1 hr chlorination was discontinued, In the flask a white crystalline suspension 
formed, Directly into the reaction mixture at a temperature of —5° 56 g of binylbutyl ether was poured drop- 
wise from a dropping funnel, as a result of which the amount of precipitate decreased markedly, On the follow- 
ing day a further 33 g of butylvinyl ether was added to the mixture, whereupon the precipitate disappeared com- 
pletely, After 2 hr the reaction mixture was transferred to a Wurtz flask and the benzene distilled off. The 
residue was transferred to a round-bottomed flask of suitable volume and distilled in vacuo, As a result of re- 
peated distillations of one of the fractions obtained, a fraction (50 g) was obtained with constants; b, p, 113-118° 
at 13-14 mm of Hg; #°D 1,5070; °°, 1.3210; MRp found 38,91, calculated 38,41; yield 32,5%, 


Found %; P 17,51, 17,63; Cl 40,58, 40,64, CyH7OC1,P, Calculated %; P 17,9; C141, 
As seen from the analytical data, the product was the acid chloride of ethylchlorovinylphosphinic acid, 


2, 24 g of the acid chloride of ethyl-8 -chlorovinylphosphinic acid were reacted with 6 g of ethanol in 
the presence of 10 g of pyridine in 250 ml of abs, diethyl ether, The filtrate, after separation of pyridine hydro- 
chloride and distillation of ether, was distilled in vacuo, giving 19 g of a substance with b, p, 115° at 15 mm of 
Hg; °D 1.4710; 11520 MRp found 44,32, calculated 44,05; yield 75%. 


Found %: P 16,48, 16,70; Cl 19,22, 19,44, CgHpO,CIP, Calculated %: P 16,90; Cl 19,44, 


Thus, the substance was the ethyl ester of ethyl-8-chlorovinylphosphinic acid, 
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The relationship between the solubilities of the potassium and ammonium fluorides of zirconium and haf- 
nium has been determined by Hevesy and his co-workers [1] with the object of separating the two of them. Side 
by side with this, Hevesy and Wagner [2] have shown that there is a difference between the solubilities of the 
tetrafluorides of zirconium and hafnium in hydrofluoric acid, and have demonstrated that the solubility of zir- 
conium fluoride in 20 M hydrogen fluoride is about twice that of the hafnium fluoride,* A comparison of the 
character of the solubility curves obtained by these authors with the solubility isotherm for the system HF — ZrF, 
—H,0 [3], leads to the conclusion that Hevesy and Wagner studied the solubility of ZrF,*3H,O within limits of 
hydrogen fluoride concentration in which the solid phase under consideration undergoes chemical change, 


Hevesy and Wagner did not notice the fact of the interaction of the zirconium and hafnium fluorides with 
the hydrofluoric acid: the values of the solubility were related by them to the initial concentration of the hydro- 
fluoric acid, without taking into account the change in the hydrogen fluoride concentration on account of this 


reaction, and this had apparently vitiated the difference obtained by Hevesy and Wagner between the solubilities 
of the fluorides of zirconium and hafnium, 


The nature of the interaction between hafnium dioxide and hydrofluoric acid can only be judged on the 
basis of an analogy with the behavior of zirconium fluoride in the system HF — ZrFy— H2O [3], A detailed in- 
vestigation of the system in which hafnium fluoride takes part is of interest, both from the point of view of the 
determination of the solubility of hafnium fluoride, and from that of establishing the nature of the solid phase 
obtained, We have therefore, with the object of determining the actual difference between the solubilites of 
zirconium and hafnium and fluorides, studied the distribution of the radioactive isotope Hf between the liquid 
and solid phases in the system HF — ZrF, — H,0, 


The method of investigation has been described earlier for similar systems [3], The temperature of the 
investigation was 25 + 0,1°, The concentration of hydrofluoric acid was determined by a potentiometric method, 
previously worked out for solutions of zirconium fluoride [4], When the molecular ratio of HF: HfO, < 4, there 
was added before titration a measured quantity of hydrochloric acid and potassium fluoride, The reaction: 
6KF + 4HC1 + HfO, = KgHfF, + 4KC1 + 2H20, thus led to the formation of potassium hafnium hexafluoride, and 
the excess acid was titrated potentiometrically with alkali, and the difference was recalculated in terms of fluo- 
rine used to bring the ratio Hf: F to the value 1:4, The hafnium was determined by a gravimetric method, The 
hydrogen fluoride was previously removed by means of sulfuric acid, and then hafnium hydroxide was precipitated 
by means of ammonia, After ignition, the hafnium was weighed in the form of the dioxide, The error in deter- 
mining the hydrogen fluoride amounted to + 2% and in determining the hafnium dioxide to + 1%. 


* In these places the original Russian paper speaks of the solubilities of hafnium, or of zirconium and hafnium, 
without mentioning that it is the fluorides whose solubility is in issue, It seemed desirable to specify this fact in 
the translation — Translator, 
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TABLE 1 


Solubility in the System HF — HfF,— H,O at 25°C 


Liquid phase Residue, | Liquid phase || Residue, 
weight % | weight % | Composition of weight % | weight % |Composition of 
ales: ais the solid phase t the solid phase 


HF | He | ur | uo, | HF | 10, 
| 

0,06 | 0,27; — 25,36 144,00 | 28,43 | 56,30 
2,24 | 7,42] 6,81 | 25,20 96°40 43.45 | 313218525 
3,51 | 9,33) 7,02] 24,23] Fa 127,76 42,90 | 29/33 | 56/34 

6,09 |16,00] 8,04] 24,80 ‘0,751.0 127,82 [42,65 | 33,59 57,30 

6,68 |}18,32] 8,67 | 28,88 27,62 |38,98 133,65) 55,17 

8,93 | 24,32] 13,261 44,41 28 , 90 [33,17 

9,97 | 24,29] 18,21 16,63 32,42 [24,20 | 35,50] 63,08 
11,16 | 25,83) 14,98] 36,90 33,68 /21,06 135,91 156,35 
13/91 | 29°33 | 


14,78 | 30,24) 18,93 | 45,03 


15,88 | 32,31 | 20,81 | 48,92 
20,50 |37,67| — | — (A) 42'91| 6132 137,961 54,07 
21,83 |39,78| — 143,64] 5,90 | 37,79) 52,83 
21,96 | 40,67 | 23,35 | 51,86 | 48,11) 2,14 |37,72| 53,75 
23,27 | 44,30] 24,83 154,39 (52,75 | 0,52 | 42,77 | 37,92 
24,68 | 45,61 | 27,66 |59,91 A4B 59.22] 0,17 | 43,25 | 44,48 
24,68 | 44,60; 30,75 | 63,62 66,80} 0.062) 51536130144 
75,35 | 0,14 | 51,83) 38,76 | 


20 JG 40 50 60 70 60 30 100 
weight 


Fig. The system HF HfF, — (25°C isotherm), 


The starting material was hafnium dioxide of purity 98.7%, To obtain hafnium fluoride, the oxide was 
dissolved in hydrofluoric acid, the solution was evaporated down, and the solid residue was used as the com- 
ponent in the system under investigation, 


The solubility data, and the composition of the residue, are given in Table 1, and are also presented in 
the form of a Gibbs triangular diagram in this figure, The initial part corresponds to the solubility of hafnium 
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TABLE 2 oxyfluoride in solutions containing from 0 to 8,93% 
hydrogen fluoride, The solubility in water is 0,27% 


Variation of the Distribution Coefficient when expressed in terms of HfO,, The composition of 
with the Concentration of Hydrogen Fluo- the solid phase corresponds to the conversion of the 
ride hafnium dioxide into an oxyfluoride of composition 
Hf(OH)F; 0.75 H,O. With increase in the hydrogen 
HF, |ZrF,, | x | HF, |ZrF,, | fluoride concentration, the solid phase acquires the 
wt. % | wt % Jo} wt. % 
q composition HfF,*3H,0, which exists within the limits 
| i | of hydrogen fluoride concentration from 9,7 to 23,94%, 
3,74 | 31,12} 0,98 | 24,58} 23,79) 1,27 The subsequent small branch of the solubility curve 
y 
5,68 | 47,52] 1,04 127,08) 20,39] 1,32 f d f 
12,52 | 44,10] 1,04 | 32,43| 14,04 | 1.46 corresponds to the crystallization of a solid phase o 
15,68 | 36,62} 1,10 || 37,75] ad 1,67 composition HHfF,* 2H,O — the dihydrate of pentafluoro- 
17,62133,55| 1,14 143,93] 3,4111,77 
19'9! | 150/58| 2,04 hafnic acid, This acid, or its hydroxonium salt (H,;O)HfFs 


* HO, separates out in the form of thin plates, similar to 
HZrF,* 4H,O [5], within the limits of hydrogen fluoride 
concentration from 24,68 to 27.76%, The considerable reduction in solubility which is found is linked with the 
formation of the dihydrate and hexafluorohafnic acid, HgHfFy*2H,0, This solid phase is incongruently soluble: 
the removal of the mother solution results in its decomposition, The investigation of the system has been carried 
on up to hydrogen fluoride concentration of 75.35%, 


In order to avoid errors connected with the determination of the hydrogen fluoride during the determination 
of the magnitude of the solubility of zirconium and hafnium fluorides, a study has been undertaken of the distri- 
bution of radioactive hafnium, Hf'®, between the liquid and solid phases in the system HF — ZrFy— H,O, The 
labeled hafnium dioxide was dissolved in hydrofluoric acid, and a certain quantity of this solution was introduced 
into a solution of zirconium tetrafluoride containing 0,05% hafnium dioxide as impurity, Then the specific a 
activity was found: this amounted to around 800 impulses/min-g zirconium, The solution was concentrated in a 
platinum dish, and transferred to a teflon vessel, where it was allowed to stand, with stirring, at a temperature 
of 25° in a thermostat, for 24 hr, The content of zirconium and hydrogen fluoride in the solution was determined, 
At the same time six samples were extracted for measurement of 8-ray activity, a correction being applied for 
the reduction in the activity during the course of the experiment, using the half-life period for Hf®™ as 45 days, 
The deviation in the number of impulses between parallel samples did not exceed 5%, Table 2 gives the com- 
position of a saturated solution of zirconium fluoride, and the distribution coefficient for the hafnium: that is, the 
relative specific activity of hafnium in the solution, compared with its initial specific activity, Within limits 
of concentration of hydrogen fluoride corresponding to the existence of the solid phase ZrF,+ 3H,O, to divergence 
in the solubilities of zirconium and hafnium fluorides was discovered, The greatest difference was attained under 
the conditions in which hexafluorozirconic acid was crystallized, beginning with hydrogen fluoride concentration 
of 15.68%, At a concentration of hydrogen fluoride of 50,58%, the solubility of hafnium fluoride was twice as 
great as that of zirconium fluoride, Thus, the increased solubility of hafnium fluoride, as compared with that of 


zirconium fluoride, which had been observed for the potassium and ammonium hafnium fluorides in aqueous 
solution, is maintained in hydrogen fluoride solutions, 


LITERATURE CITED 


G, Hevesy, J, A, Christianen and V, Berglund, Z, anorg, Chem, 144, 69 (1925), 
G, Hevesy and O, Wagner, Z, anorg, Chem, 191, 194 (1930), 
I, V. Tananaev, N, S, Nikolaev and Yu, A, Buslaev, Zhur, Neorg, Khim, 1, 274 (1956), 

N.S, Nikolaev and Yu, A, Buslaev, Zhur, Neorg, Khim, 4, 543 (1959), 

Yu, A, Buslaev, Candidate Dissertation, Institute of General and Inorganic Chemistry, Academy of Sciences 
of USSR [in Russian] (Moscow, 1958), 


1 
2 
3, 
4 
5 


ak 
e ? 
A 
i 
: 
\ 
1437 


. ‘i 
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The very small amount of published information on the thermochemistry of perchloric acid and the per- 
chlorates makes it very desirable to carry out a thermochemical study of these compounds, 


I, The enthalpy of formation of potassium, sodium, and barium perchlorates, The determination of the 
enthalpy of formation of potassium, sodium and barium perchlorates was carried out by measuring the enthalpy 
of their decomposition into the corresponding chlorides and oxygen, and subsequently using Hess*s law and the 
published data on the enthalpy of formation of the chlorides, The measurement of the enthalpy of formation 
was carried out in a specially constructed hermetic microcalorimeter of a massive type, as described earlier [1]. 
The decomposition of substances in this calorimeter is achieved by heating them by means of an electric current 
passed through a special heater, The enthalpy of decomposition of potassium perchlorate was, in addition, de- 
termined in a liquid calorimeter with a self-packing bomb, The decomposition of the perchlorate in this case 
was achieved by heating them by means of the combustion of benzoic acid, The two methods of measuring the 
enthalpy of decomposition gave concordant results, 


The perchlorate samples investigated in this work were recrystallized 3-4 times from doubly distilled water, 
and then dried in a vacuum at a temperature around 150°, All the operations on the substances were performed 
in a dry chamber without exposing them to the air. 


The degree of purity of the substances was determined by the method of Dittrich and Bolenbach [2], as 
modified and verified by us, The quantity of impurity in the materials was not greater than 0,1%, which was 
the precision of which the analysis was capable, The calculations upon these calorimetric experiments were 
performed on the basis of the analysis of the reaction products, 


The enthalpy of formation of sodium and potassium chlorides was calculated by us on the basis of the most 
reliable recent published data, No such completely reliable data exist for the enthalpy of formation of barium 
chloride, We have taken as most reliable the data presented in the work of Siemensen [3], though it would be 
desirable to confirm these by experiment, The results of the determination are given in Table 1, the values of 
4H being in kcal/mole, 


Il, The enthalpy of formation of perchloric acid, The enthalpy of formation of perchloric acid in solution 
(concentration of HC1O,* H,O = 400) was determined in two independent ways, using the data on the enthalpy of 
formation of sodium perchlorate and potassium perchlorate, For the calculation of the enthalpy of formation of 
perchloric acid from that of sodium perchlorate, the following series of thermochemical equations was used: 


1, Na 


(solid) * * 202 gas) (soi) AM 
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HC10, (solution: HC10, + 450H,0) * NaOH(sojution: NaOH + 7,65H,0) = 


NaClO4 olution: NaClO, + 458H,0) t 42solution: NaClO, + 458H,0) AH, 

3. NaClOy. * 458H,0 ~ solution: NaClO, + 458H,0) AHs 

4, + +? Hacgasy 765420 = NaOH + 7,65H;0) 

5. Hacgas) + 402 (gas) + NaClO, + 457H,0 = NaCiQy + 458H,0 AHs 

6. 1Cla(gas) 202(gas) + 458H20 = (solution: HClO, = 458H,0) 


AH, = SH, — AH, — AH, — AH, + AHs 


In calculating the enthalpy of formation of perchloric acid from the data on that of potassium perchlorate, 
an analogous system of equations was used, with the difference that the concentration of the potassium perchlorate 
was taken as KC1O,4 + 4500H,O because of the low solubility of this salt, The corresponding concentrations of the 
acid and alkali in the neutralization reaction were taken as HC10, + 4500 H,O and KOH - 25 H,O respectively. 


For the enthalpy of reaction (1) the data of the current work were used (part I), The enthalpies of reactions 
(2) and (3) were measured experimentally, The enthalpies of reactions (4) and (5) could be reliably calculated 
from the published data, The weighed portion of the perchlorate during the determination of the heat of dissolu- 
tion, or of the hydroxide solution during the determination of the heat of neutralization, was introduced into the 
calorimetric vessel in a thin-walled glass ampoule, sealed with a mixture of picene wax and paraffin, 


The weighed portions of the solutions of the hydroxides, and the concentrations of the perchloric acid, 
during the measurement of the heat of neutralization (reaction 2), were chosen in such a way that the concen- 
tration of the perchlorate solution obtained as a result of the neutralization reaction would be the same as that 
in the determination of the enthalpy of dissolution [reaction (3)], 


The solutions of perchloric acid for neutralization were prepared by the dilution of doubly distilled per- 
chloric acid dihydrate, 


The concentrations of the perchloric acid were not identical for the determination of their enthalpy of 
formation by means of sodium and potassium perchlorates (one mole of the acid being associated with 450 and 
4500 moles of water respectively), However, the published data show that the enthalpy of dilution of perchloric 
acid for concentrations lower than one mole of acid to 400 moles of water is practically zero, 


The agreement of the results of the determination of the enthalpy of formation of perchloric acid by the 
two independent methods confirms the reliability of the values obtained, The results of these determinations, 
together with the figures used in the course of the determination, are given in Table 2, the values for AH being 
in kcal/mole, Using the data recently published [5] on the determination of the heat of formation of anhydrous 


perchloric acid, it is possible to estimate the standard enthalpy of formation of anhydrous perchloric acid in the 
liquid phase as — 8,62 + 0,18 kcal/mole, 


TABLE 1 


AH fordecom- | AH for forma- |AH for forma- 
Compound |position of per-| tion of chlo- |tion of per- 
chlorate ride chlorate 


KCIO4 0,18 0 0,2 
NaClO, —7;70 + 0,28 | —98,38 + 0,06] —90,68 0,3 
Ba (ClOx)s —14,00,4 | —219,31,6 | —205,3 + 1,6* 


*The magnitude of the enthalpy of formation of barium per- 
chlorate would need modification in the event of more precise 


values for the enthalpy of formation of barium chloride being 
arrived at, 
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TABLE 2 


TABLE 3 


Cation 


AH for for- | Conc. Alk. | AH for dis- | AH for forma- |AH for for- 
mation of | SH forneu- Hydroxide | solution of |tion of alkali |mation of 
metal per- | tralization d metal per- | solution _|perchloric 
chlorate chlorate | acid 
—13,354+ | KOH-25H.0 | 42,144-0,01 | —-115,00-40,05 |—29,73+4- 
+0,03 +0, 21 
-90 ,684-0,3) —13,664- [NaOH -7,65H,0}3 ,326-+-0 —112,19-+-0,05 |--29,82+0,3 
4-004 
Mean AH = — 29,77+0,17 kcal/mole 


AH of formation | 
State of the jof the oxide, or| AH for dissolu- AH for AH for forma- 
oxide or of the hydroxide} tion of the per~neutralization | tion of the per- 
i hydroxide solution chlorate chlorate 
Pectnop —120, 65 + 0,05|—6, 296 + 0,009] —14,18 +-0,03 | —89,98 + 0,18 
LiOH-15H,Q 
Pactnop —87, 46 + 0,08|-+7 , 984 + 0,008) —12,65 + 0,01 | —69,54 +. 0,18 
NH,OH-6,5H,O 
CaO, —151,79 40,23] 15,42 + 0,007] —46,35 + 0,01 |—173,% + 0,41 
MgO,,, —143,82 + 0,04} —37,08 +0,16 | —36, 11 +0,12 |—134,07 + 0,31 


Ill, Enthalpy of formation of lithium, ammonium, calcium, and magnesium perchlorates, The enthalpies 
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of formation of lithium, ammonium, calcium and magnesium perchlorates have been estimated on the basis of 
Hess's law, using the system of thermochemical equations given in detail in section II, The enthalpies of dis- 
solution of these perchlorates, the enthalpies of neutralization of perchloric acid by calcium and magnesium 
oxides, and by lithium and ammonium hydroxides were measured experimentally, The enthalpy of formation 
of perchloric acid solution was taken as that obtained in this work, or —29,77 + 0,17 kcal/mole, The enthalpies 
of formation of calcium and magnesium oxides, of the solutions of lithium and ammonium hydroxide, and of 
liquid water were evaluated with sufficient reliability from the published data, 


The preparation of the samples for the investigation, and also their characteristics, was similar to that 
given in sections I and II, The results obtained are given in Table 3, with H being in kcal/mole, 


In the current work, the relationship for the mechanical equivalent of heat was taken as 1 cal = 4,1840 
absolute. joules, All the errors are presented in the form of “standard deviations," 
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The results of an investigation of thermal decomposition of cotton cellulose and cellulose hydrate led us 
to the conclusion that the mechanisms of this process are different for the two structural modifications of cellu- 
lose [1], After further study of the problem it became apparent that by lowering the ash content from 0,2 to 
0,09%, it was possible to direct thermal decomposition of cellulose hydrate by the mechanism observed pre- 


viously only for cotton cellulose, viz,, with formation of 1,6-anhydro-1,5-glucopyranose (levoglucosan) in 40- 
50% yield, 


Ash elimination from cotton cellulose and cellulose hydrate until the amounts were analytically undetect- 
able, i,e., to a value of the order of < 0,001%, led to cellulose decomposition at the C-O-C bonds to the fullest 
possible extent, This made possible the study of thermal depolymerization of both structural modifications of 
cellulose, With this in view, we investigated the levoglucosan content of the volatile products of thermal de- 
composition of cellulose, the rate of the process, and the regularity of the change in degree of polymerization 
of cellulose during the process, Conditions under which thermal decomposition was carried out and investiga- 
tion methods have been described previously [1], 


In the table are shown data on yields of volatile products derived from ash-free* samples of cotton cellu- 
lose and cellulose hydrate at a different stage of decomposition in comparison with the results of decomposition 
of the same samples containing 0,07-0,09% ash, 


As seen from the data in the table, with change in ash content in cellulose from 0,07-0.09% to an analytic- 
ally undetectable amount, the yield of paste-like distillate increases from 30-74% to 78-88%, and its levo- 
glucosan content increases from 33-66%* * to 75-83%, Thus, when decomposition is extended and studied be- 
tween the limits of 12 to 95% loss in weight yield of levoglucosan is the same for cotton cellulose as for cellu- 
lose hydrate, viz,, 65-73% of the weight of decomposed cellulose, Moreover, the data of the table indicate a 
marked decrease in yield of products obtained from extensive decomposition of cellulose at the C—C bonds, 


Rates of the process were measured using McBean spring weights, For each sample 3-10 curves were 
plotted (see Figs, 1, 2), 


Curves 1 in Figs, 1 and 2 characterize the rate of decomposition of cotton cellulose and cellulose hydrate 
in the presence of 0,22-0,26% ash, Thermal decomposition of these samples of cellulose proceeds with forma- 
tion chiefly of products of extensive cellulose decomposition at the C—C bonds; levoglucosan is formed in 
yields from 4-10% [1], The process is characterized by a high initial rate, which is halved when decomposition 
of samples reaches 15-20%, On further decomposition a slower fall-off in rate is observed, 

*For brevity, cellulose samples with ash content < 0,001% are termed ash-free, 
** The low value of the first figure characterizes the decomposition of the first 5-10% of the cellulose in the 


presence of 0,07-0,09% ash; owing to the high reaction velocity of the process for ash-free samples of cellulose, 
this stage of decomposition cannot be observed, 
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Yield of Volatile Products in Thermal Decomposition of Two Structural Modifications of Cellulose 


Degree of 
decomposi- 
tion of cel- 
lulose in % 
of dried 


sample 


Yield 


of volatile products of extensive decomposition 


of cellulose at the C—C bonds 


reduced substances in} other prod- 

of levo- liquid the paste-Jike distill-| ucts in the 

glucosan volatiles | atc up to hydrolysis paste-like 
distillate 


expressed as % of de- 
composed cellulose 


in % of paste-like distillate 


of paste- 
like dis- 
tillate ex- 
pressed as 
of cel- 
lulose de - 
composi- 
tion 


Levoglucosan 
content in paste- 
like distillate 

in 


30-40 14 
52 13 
25 
27 16 
27 15 
27 17 


10 


47 33 
25 25 
22 20 
23 22 
21 23 
22 27 


Cotton cellulose, ash content <0,001% 


Cotton cellulose, ash content 0.07% 


Cellulose hydrate, ash content 0,09% 


none 
none 
3 
1 
5 


23 
17 
15 
18 
13 
22 


Cellulose hydrate, ash content <0,001% 


2 
1 
3 
one 


Curves 2 in Figs, 1 and 2 characterize the rate of decomposition of cotton cellulose with ash content 


84 80 


56 63 
68 67 
10 59 
10 65 


88 83 


47 33 
71 66 
74 66 
10 53 
63 49 
64 50 


0,06% and cellulose hydrate with ash content 0,09%, forming levoglucosan in yields up to 45% during their 


decomposition, 


From a comparison of curves 1 and 2 it is seen that on change in ash content in cellulose from 0.20% to 


0,06-0,09% the character of the curves for rate of decomposition changes markedly, These curves have a maxi- 
mum at 20-30% decomposition of the sample, 


Thermal decomposition of ash-free samples of cotton cellulose and cellulose hydrate are characterized 
by a similar shape for curves with a maximum in the same limits of decomposition, but in this case decomposi- 


tion proceeds at a considerably higher rate (curves 3 in Figs, 1 and 2), 


4 eee | 
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Rate of decomposition per minute 


~ 


0203040 "30 
Degree of decomposition 
Fig, 1, Rates of thermal decomposition of samples of 


cotton cellulosr. with ash content: 1) 0,22%; 2) 0.07%; 
3) 0.001%, 


20304030 
Degree of decomposition 


Fig, 2, Rates of thermal decomposition of samples of cellulose 
hydrate with ash content: 1) 0.26%; 2) 0,09%; 3) 0.001%. 


The higher rate of decomposition should be noted for all samples of cellulose hydrate compared with the 
corresponding samples of cotton cellulose (Figs, 1 and 2), 


The regularity of the change in degree of polymerization of ash-free samples of cellulose during decom- 
position is similar to that described previously [2], However, both structural modifications of cellulose investigated 


by us differ in the amount of maximum degree of polymerization, This value amounts to about 200 for cotton 
cellulose and 30-40 for cellulose hydrate, 


The high rates for the process in the case of high yield of 1,6-anhydro-1,5-glucopyranose and the con- 
tinuance of a constant degree of polymerization of cellulose in the course of the whole decomposition after the 
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pronounced initial fall-off up to the maximum value, permitted us to consider cellulose to be one of the polymers 
capable of thermal depolymerization, 


From a comparison of the absolute values of the maximum rates of thermal decomposition of cotton cellu- 
lose and cellulose hydrate and the final values of their degree of polymerization, it appears that the macro- 
molecules of cellulose in both its structural modifications occur in a different energy state, 


We express gratitude to Academician V, A, Kargin for continued attention to our work, 
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Under certain conditions aromatic hydrocarbons in solution are capable of combining with protons from 
molecules of protogenic solvents and of forming the corresponding carbonium ions, A hypothesis regarding such 
processes was first published by Gammett, according to whom these reactions proceed in solutions of liquid hydro- 
gen fluoride {1}, according to the scheme: 


Ar+ HF = ArH*+F, 


This scheme was later confirmed experimentally in the case of solutions of certain aromatic hydrocarbons 
not only in liquid hydrogen fluoride [2-6], but also in sulfuric acid [7] and in trifluoroacetic acid[8], A 
number of authors [8-10] carried out a parallel study of the formation of carbonium ions of the type ArH’ and of 
the isotopic exchange of hydrogen with the solvent, where.n it was shown that exchange rate is greater the higher 
the concentration of ions, 


Ionization of aromatic hydrocarbons with formation of positively charged hydrocarbon ions can also take 
place in quite a different manner, namely, as a result of removal of an electron from the hydrocarbon molecule, 
This type of ionization in solutions of strong acids in the presence of oxidizing agents was recently studied in 
detail in the work of Aalbersberg, Mackor, et al,,[11], If the solvent is a protogenic compound and simultane- 
ously possesses oxidizing properties (for instance, H2SQ,) or even contains an oxidizing agent as an impurity (for 
instance, atmospheric oxygen), then both processes can proceed simultaneously and formation will take place in 
solution of positively charged ions of both types, It is necessary also to consider the possibility of formation of 
complexes between the hydrocarbons and the solvent molecules, 


Absorption spectra of carbonium ions and complexes formed should differ markedly from spectra of neutral 
molecules, Thus, the spectral method is one of the most convenient methods of identifying these exceedingly 
unstable particles, existing, evidently, only in solution, and of investigating conditions of their formation, This 
method is also convenient because the absorption spectrum of ions does not depend very greatly on their degree 
of solubility or on whether they are in the free state or have entered into the composition of the associated ionic 
vapors, Slight differences in the positions of the respective absorption bands without doubt exist, and in a number 
of cases can be recorded; however, they are so small that they cannot be compared with the differences due to 
spectra of ions and molecules, Unlike molecules, ions have characteristic absorption spectra not only in the 
near-ultraviolet region but also in the visible region, and so possess exceedingly specific and bright colorations, 


Anhydrous liquid hydrogen chloride is of great interest as a strongly protogenic solvent, giving up com- 
paratively readily (especially in the presence of catalysts) a proton to a molecule of an aromatic compound, at 
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Fig, 1, Optical transparency of a solution of AlCl, in 
liquid HC] at room temperature, Caic}, 2°10°8 
mole/liter, pressure = 26 mm, 


400 600 800 1000 


Fig, 2, Absorption spectra of solutions of hexamethyl- 
benzene and pyrene in liquid HCl + AlCl, (pressure = 
= 26mm), 1) hexamethylbenzene C « 8+107° mole/ 
/liter, Caicl, ™ 2+107* mole liter; 2) pyrene C = 

= 6+10°5 mole/liter, 2° 10° mole/liter, 


600 800 7000 
Fig, 3, Absorption spectra of solutions of 8- 
methylnaphthalene and anthracene in liquid 
HCl + AlCl, (pressure = 26 mm), 1) 8-methyl- 
naphthalene C ~ 2°10°% mole/liter, Caich™ 
2°107 mole/liter; 2) anthracene C ~ 1075 
molc/liter, Caycy, 2°10 mole/liter, 
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the same time not causing any side or irreversible chemi- 
cal change of the corresponding compound, Works exist 
dealing with possible ways of using liquified HC] in in- 
dustry [12], and also with the investigation of the prop- 
erties of solutions of liquid HCl at low temperatures (13, 
14}, In the work [15] were investigated isotopic exchange 
reactions of hydrogen in solutions of liquid DCl at room 
and elevated temperatures using a hermetic apparatus of 
monel-metal, 


Experimental difficulties arising in working with 
pure liquid HCl at room temperature are occasioned on 


70 , one hand by its high vapor pressure (46 atm, at 25°C and 
. snd — = 78 atm at 50°), making it impossible to use glass or plas- 
tic apparatus, and on the other hand by the strong corro- 
Fig, 4, Change in spectra with time: sive properties of HCl causing trouble in the use of base 
1a) solution of fluorene 30 min after metals, 


preparation (C = 3,8+10™ mole/liter, 
Caici, 2*10°* mole/liter; 1b) the 
same solution after 12 hr; 2a) solution 
of phenanthene 30 min after prepara- 
tion (C 1-107 mole/liter; CAICI, = 
mole/liter); 2b) the same 
solution after 24 hr, 


We developed an apparatus of monel-metal and 
platinum which allowed quantitative preparation of solu- 
tions of pure HCl at room temperature under a pressure 
of up to 100 atm, As well as this a special vessel was 
designed and constructed with sufficiently thin plane- 
parallel transparent apertures made from crystalline alu- 
minum oxide (colorless ruby)* and with thick-walled 
apertures made from quartz glass which ensure a good 
transmittance in the near-ultraviolet, visible, and also in the infrared regions of the spectrum, and still main- 
tained the desired pressure, Diameter of apertures was 20 mm, normal width of the layer of solution 26 mm, 
The housing of the vessel was prepared from metal and lined inside with fluoroplastic-4,** The part of the 
vesse! in immediate contact with the solution under investigation and also the tubes were prepared from plati- 
num, Using this apparatus on an SF-4 spectrophotometer with a somewhat modernized cell camera, the ab- 
sorption spectra of the solutions of a number of aromatic hydrocarbons were measured both in pure liquid HCl, 
and in the presence of mixtures with AICl,, All compounds studied in the presence of AlCl, formed brightly 
colored solutions, Thus, hexamethylbenzene gave a yellow solution; naphthalene, ruby; 68 -methylnaphthalene, 
red-brown; fluorene, lilac-red; anthracene, yellow-green; pyrene, lemon-yellow, etc, 


The optical transparency of an AlCl, solution in liquid HCI is shown in Fig, 1, It is readily seen that this 
solution used as a solvent did not contain absorbing impurities and at wavelengths above 300 my its absorption 
can be practically ignored, The absorption spectra of some of the solutions studied by us are shown in Fig, 2-4, 
All spectra shown have characteristic maxima in the visible region, For anthracene and pyrene, besides the 
bands in the visible region, a system of narrow bands in the neighboring ultraviolet region can be observed, 
corresponding to the absorption of unionized molecules of the original hydrocarbon, 


In practically all cases the spectra observed change with time, This change can be illustrated in the case 
of the fluorene solution, Three absorption maxima in the spectrum of this solution in the visible region (380, 
450, and 560 mp) explain conclusively the bright color of this solution, the intensity of which gradually increases 
after preparation of the solution for one day, after which it remains constant, A similar diagram is also observed 
in the case of the other solutions, In Fig, 4 is shown the change in the spectra of fluorene and phenanthrene with 
time, Such a change is evidently connected with the fact that formation of absorbing particles under the condi- 
tions of the investigation proceeds with time, We consider that the spectra observed by us (in the absence of 
oxidizing agents) are caused by the absorption of carbonium ions formed as a result of a reversible reaction en- 
tailing combination of protons from the solvent molecules with hydrocarbon molecules according to the scheme 
of Gammett outlined above, In favor of this proposition, in part, a comparison can be made of spectra of certain 
of the compounds investigated with spectra of solutions of the same compounds in liquid HF in the presence of 


* Use of this material in the study of spectra in liquid HF is described in[16, 17], 
** Construction of the vessel will be described separately, 
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TABLE 


continues, 


* Original Russian pagination, See C, B, translation, 


HF + BFs HCl + AICI, 
Substance Reid's da- muy 
ta [4] mp 
Hexamethyl- 
benzene 390 370-400 
Phenanthrene 410 and 520 410 and 460 
Pyrene 470 and 380 470 and 380 
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tion of HF was in accordance with the hypothesis re- 


garding the full ionization of anthracene in the presence of BF,, whereas in a HCI solution ionization does not 
proceed at all, even in the presence of AlCl, 


In the light of the data obtained the question of the nature of the carbonium ions formed is of interest, 
The characteristic spectra observed by us in the visible region occur only in the case of solutions of those com- 
pounds whose molecules, according to the available data, (see, for instance [6]) possess regions of greatly 
increased electron density on the individual carbon atoms of the aromatic ring, This circumstance permits the 
suggestion of a hypothesis according to which the formation of ™-complexes in the systems investigated is less 
probable than formation of ions as a result of combination with protons at the double bond, which formation is 
also evidently responsible for the occurrence of color and the spectra observed, Investigation of such systems 
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In one of the works [1], the metallochemical properties of elements in the periodic system were examined, 
On the basis of a generalization of the results of a study of the reaction of metals with each other and with metal- 
loids, basic types of chemical reactions were established and a classification give of their occurrence among 
metals; continuous solid solutions, limited solid solutions, compounds with a metallic type of bond, and com- 


pounds with an ionic bond, In the cases of iron [2], nickel [3], and titanium [4], these questions have been ex- 
amined by us, 


In connection with the study of metallic alloys based on high-melting metals, it is of interest to study the 
metallochemical properties of metal-analogs such as niobium and tantalum, molybdenum and tungsten, and 
others having a melting point over 2000°C, In the present work the metallochemical properties of niobium will 


be discussed and the elements of the periodic system classified according to the type of their reaction with nio- 
bium, 


As the basic characteristics of the metallochemical properties of elements we took: electronic structure 
of atoms, atomic radii, electronegativity, types of crystalline structure, melting point, etc, Niobium belongs to 
elements of group V; as one of the metals of the transitional group, it has an unfilled outer d-electron shell, the 
atomic radius of niobium (1,45 A) being very near to the atomic radii of adjacent metals; in the series of metals 
classified by electronegativity, given in the work [5], niobium occupies a middle position; about 35 metals are 
electropositive in relation to niobium, and 37 are electronegative; niobium has a volume-centered lattice and 
melting point of 2415°, The degree of similarity or difference of these metallochemical properties of niobium 
resulting from the close or remote position of niobium and the elements of the periodic system determines the 
possible types of reaction between niobium and them, or the absence of such reactions, On the basis of the 
generalizations expressed in the literature regarding the chemical reaction between niobium and the elements 


of the periodic system a classification of these elements can be given from the point of view of their reaction 
with niobium, 


In D, I, Mendeleev’s usual 18-row table of the elements we have distributed all the remaining elements 
into four sets capable of forming with it solid solutions, metallic or ionic compounds, or incapable of any such 
reaction, In the figure such a table is shown, In it,in the first set,are placed in all 8 metals which are close 
to niobium in the period system and which possess only slight differences in metallochemical properties, They 
are capable of giving continuous solid solutions on crystallization with niobium, They are: Ti, Zr (group IV), 
V, Ta, Pa (group V), and Mo, W, and U (group VI), The literature [6] basically confirms the presence of such 
solid solutions in these system, It should be borne in mind that such metals as Ti, Zr, and U, on account of the 


presence of polymorphic modifications, show a disruption in the continuity of the solid solutions at low tempera- 
tures. 


The second set contains a large number of elements capable of forming limited solid solutions with nio- 
bium, and beyond the limits of solubility, a series of compounds with a metallic character to the bond, As 
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The reaction of niobium with elements of the periodic system, Lanthanides are de- 
noted by one asterisk, actinides by two asterisks, I) Elements forming continuous 

solutions; II) elements forming limited solid solutions and compounds; IIT) elements 
forming ionic compounds; IV) unreactive elements, 


seen from the figure, in this set of elements are included metals of groups II, Il, VI, VII, VII, and of other groups 
as well as certain metalloids of various groups of the periodic system (B, C, Si, Hg, O2, No, etc.) possessing a 
greater difference in metallochemical properties with niobium than metals of the first set, 


The number of such elements, including lanthanides, is 58 in all, To some degree to this set should be 
added 10 elements tending to form limited solid solutions and metallic compounds with niobium and the total 
then becomes 68. 


Of the total number of elements belonging to the second set, reaction with niobium was studied experi- 
mentally only for 27 elements, Structural diagrams of these systems show the presence in them only of limited 
solid solutions of niobium and formation of aseries of metallic compounds, Maximum solubility of the elements 


in niobium decreases with increase in difference between the metallochemical properties of niobium and the 
elements, 


Thus, for instance, decrease in maximum solubility in niobium for a series of metals: Cr, Mn, Fe, Co, and 
Ni — follows the order of increase in their atomic number, differences in eclectronegativity and in atomic radii, 
The tendency of Nb to form compounds with metals evidently conforms to this rule as well, 


Compounds of niobium with the metalloids (B, C, Si), the borides, carbides, silicides of niobium, possess 
a metallic type bond, 


The very limited solid solutions and compounds of niobium with N, P, As, Sb, and O (lower oxides) also 
possess metallic properties, Degree of decrease of metallic properties of the compounds of niobium with the 
elements indicated increases with increase in difference in metallic properties of niobium and these elements, 
enabling the transition from metallic compounds of niobium to compounds of a semiconducting type. 


The third set of elements ( see figure) concerns the typical metalloids, the most electronegative elements, 
which are incapable of giving solid solutions with niobium, On reacting with niobium they form only compounds 
with a convalent or ionic type of bond, Some of these compounds possess semiconducting properties, The total 
number of elements is 9, Among them are elements of VI and VII (subgroup B), where oxygen occupies an in- 


termediate position, forming with niobium limited solid solutions, the compound NbO (Nb,;0 is also possible) 
with metallic properties, 


The remaining elements; sulfur and its analogs, fluorine and its analogs, form niobium compounds with 
an ionic bond, The composition of these compounds is due to a valence relationship, 


[1 | 2| 6 9 Mo 17 | 0 | 
: IV 1B} C}N 
“ Za 
g Zr Mo}! Tc] Ru | Rh Ag | Cd Sn | Sb ETe3 
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Finally, the fourth set of elements includes groups I and II (with the exception of hydrogen and beryllium) 
and the inert gas group, The elements in this set are entirely unreactive to niobium and form with it neither 
solid solutions nor compounds, Total number of these elements is 16 in all, 


Absence of reactivity of these elements with niobium is explained by the great differences in atomic radii 
(more than 15-16), their melting and boiling points (elements of the alkali and alkali-earth group) and by their 
inertness to chemival reactions (all elements of group 0), 


Thus, from the point of view of the chemical reaction of niobium with elements of the periodic system 
or the absence of reaction, they can be divided into 4 sets, Of these four sets the elements of the first two sets 
are involved in reactions of a metallic character, The total number of such elements is 9 and 68, in all 77 
elements, This provides a basis for considering all 77 elements as possible components in the formation of 
metallic alloys based on niobium, Hence from the number of elements given previously, capable of forming 
with niobium continuous or limited solutions and metallic compounds, it is possible to calculate the concen- 


trations of these components in simple and multicomponent systems of niobium and to synthesize the composi- 
tion of alloys of a given structure and properties, 
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Ferrocene is readily oxidized in an acidic medium, forming ferricine salts (Ceite)oFeX. Properties of 
ferricine salts, unlike those of ferrocene itself [1, 2], have been little studied, Thus, the reduction [3, 5] of 
ferrocene, arylation by diazonium salts [6], and formation of pentahalocyclopentane by the action of halogens 
[7] have been described, 


In the present work we have studied the substitution of hydrogen in ferricine salts, We utilized the ferric 
chloride (CsHg) FeFeCl, and the ferric bromide of ferricine 


During attempts to carry out electrophilic substitution reactions, which proceed readily with ferrocene 
itself — acrylation, sulfonation, and mercuration, — we were unsuccessful in obtaining substitution products under 
these (and also under more. rigid) conditions in which ferrocene reacted, Usually 60-85% ferrocene was re- 
covered, calculated on ferricine salt used in the reaction, Passivity of the ferricine — cation in electrophilic 
substitution reactions was not unexpected, since the positive charge, irrespective of whether it is localized on 
the iron atom or dispersed over the whole molecule,* will prevent electrophilic attack, 


It was naturally desired to attempt to carry out nucleophilic substitution reactions with the ferricine cation 
However, it appeared that most nucleophilic reagents could not be used since these substances, being reducing 
agents or bases, convert the ferricine-cation into ferrocene, Thus, ethyl- and phenylmagnesium bromides re~ 
duce ferricine ferrichloride to ferrocene in 85-90% yield, In the case of phenylmagnesium bromide, diphenyl 
is obtained as a secondary reaction product, 


2CeHsMgBr FetFe Cl, -> Fe Cals Celle FeCl + MgCle -+- MgBro. 


On reacting ferricine diethylamine ferrichloride in absolute ether, ferrocene is again obtained in 88% yield, 


Cyanation is the only substitution reaction which we have so far succeeded in achieving, reacting a nucleo- 
philic reagent with the ferricine-cation, On reacting potassium cyanide with aqueous solutions of ferricine ferri- 
bromide, the nitrile of ferrocenecarboxylic acid is formed in small yield (3%), Such a low yield of nitrile can 
be explained by the alkaline reaction of the aqueous solution of potassium cyanide (as already indicated, the 
ferricine-cation is converted into ferrocene in an alkaline medium [5]), Actually, on carrying out the reaction 


in an acidic medium, nitrile yield is increased somewhat (to 6%), but this was too low for the reaction to be of 
interest in preparation, 


* According to the calculations of E, M, Shustorovich and M, E, Dyatkina [8] the positive charge on the ferricine 
cation is delocalized: on cyclopentadiene rings charges of +0,2 are found, and on iron, a charge of +0,6, 


: 

: 


Yield of the nitrile of ferrocenecarboxylic acid was markedly increased and amounted to over 50% on 
using a solution of liquid hydrocyanic acid in dry tetrahydrofuran: 


liq. HCN 
(CsH5)2 FeCl, THF CsltsFeCsHaCNn. 


It should be noted that the nitrile is obtained from the reaction mixture in the reduced condition, but not 
as a cation, On carrying out the reaction in liquid hydrocyanic acid without tetrahydrofuran, yield of nitrile 
was less than 5%, 


We then established that the nitrile of ferrocenecarboxylic acid is obtained in greater than 80% yield if 
the ferricine salt is substituted by a mixture of ferrocene and anhydrous FeClg, 


We used the reaction we had discovered in the cyanation of ferrocene derivatives and established that 
cyanation utilizing liquid HCN in tetrahydrofuran in the presence of FeCl, is a good preparative method of 
synthesizing not only the nitrile of ferrocenecarboxylic acid,* but also the previously undescribed nitriles of sub- 
stituted ferrocenecarboxylic acids, 


Thus, from methyl- and ethylferrocene we obtained the nitriles of the methyl- and ethylferrocenecarboxy- 
lic acids in yields of 36 and 53% respectively: 


FeCl,.lig.HCN 
CsHsFeCsH3 (R) CN, 


R= or CoHs. 


CsHsFeCsHaR 


In the IR spectra of these nitriles ** there are intense absorption bands in the region 1000 and 1100 cm 4, 


indicating the presence of an unsubstituted cyclopentadiene ring [14], Accordingly, the nitrile group enters 
(at least predominantly) the cyclopentadiene ring having an electron-donating substituent, The relative posi- 
tions of the cyano and alkyl groups was not established, 


The nitrile of ethylferrocenecarboxylic acid was hydrolyzed to the corresponding homoannular ethylferro- 
cenecarboxylic acid, 


On cyanation of chloroferrocene and the nitrile of ferrocenecarboxylic acid by the method described above, 
we obtained the nitrile of heteroannular chloroferrocenecarboxylic acid and the dinitrile of heteroannular ferro- 
cenedicarboxylic acid hi. 75 and 23% yield respectively: 


FeCl, lig. HCN 
XCsHiFeCsHs XCsHaFeCsHaCNn, 


X= Cl or CN. 


Absence of an unsubstituted cyclopentadiene ring in the products was demonstrated by spectroscopy [14], 
From this it follows that electron accepting substituents (Cl, CN) hamper cyanation of a cyclopentadiene ring 
to which they are bonded, and a CN — group enters the free ring, 


As has already been described, during an attempt to cyanate the ferricine-cation, we proceeded from the 
assumption regarding the ability of the latter to be nucleophilic-substituted, However, the influence of electron 
— donating and an electron-accepting substituents appeared the same as that occurring during electrophilic sub- 
stitution, This fact was hardly in accordance with our original supposition, The experiments carried out by us 
do not provide sufficient material for establishing of the reaction mechanism, It is obvious only that the reac- 
tion does not begin with an attack by the CN anion of one of the carbon atoms of the cyclopentadiene ring, 


Two propositions can be made regarding the basis of the reaction mechanism, It is possible that initially 
a bond is formed between the CN anion and the iron atom of the ferricine-cation, a proton then attacking one 
of the hydrogens of the cyclopentadiene rings, this hydrogen then splitting off as a hydride hydrogen capable of 
*The methods described in the literature for synthesizing the nitrile of terrocenecarboxylic acid are multistage 
[9-12], or give very low yields, as in the case of action of bromocyan on ferrocene [13], 
** We express our thanks to L, A, Kazitsyna for IR exposures, 
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reducing the ferricine-cation, and a CN combines with a carbon of the cyclopentadiene ring, It is possible that 
all stages proceed simultaneously within the one reaction complex (or cyclic intermediate stage), 


The second proposition is that, in the case given, specific electrophilic (or homolytic) substitution takes 
place, and a reaction is brought about between ferrocene aid the CN* cation (or CN-radical), The role of the 
ferricine-cation (or ferric chloride) would be to convert the CN anion into a cation (or radical), 


EXPERIMENTAL 


Preparation of ferricine ferrichloride, To a solution of 37,2 g (0.2 mole) of ferrocene in 600 ml of dry 
ether was added a suspension of 65 g (0,4 mole) of anhydrous ferric chloride in 300 ml of ether, The precipitate 
of blue-green ferricine ferrichloride separating out was filtered off and washed with ether several times, then 
with a small quantity of absolute alcohol and again with ether, 


Found %: C 30,67, 30,55; H 2.70, 2,63, CypHygClyFe2. Calculated %: C 31,29; H 2,63, 


The ferricine ferrichloride prepared in this manner was used for synthesis without further purification, A 
purer sample was obtained after recrystallization from absolute alcohol, 


Found %: C 31,03, 30,88; H 2,68, 2,68, CyHyCl Fe, Calculated %: C 31,29; H 2,63, 


Ferricine ferrichloride is stable in air, does not melt, is soluble in water, alcohol, acetic acid, tetrahydro- 
furan and ethyl acetate, 


Action of liquid hydrocyanic acid on ferricine ferrichloride, Into a solution of 7,7 g (0,02 mole) of ferri- 
cine ferrichloride in 50 ml of dry tetrahydrofuran was poured 30 ml of liquid hydrocyanic acid, The reaction 
mixture was heated for 3 hr under a reflux condenser connected with an absorbing flask filled with permanganate 
solution, and was left to stand for 24 hr, A 10% caustic soda solution was then added until the dichoric ferricine 
color disappeared, and the mixture extracted with ether, The ether was evaporated off, the residue dissolved in 
petroleum ether and chromatographed on aluminum oxide, The ferrocene was eluted with petroleum ether, the 
nitrile of ferrocenecarboxylic acid — with a mixture of petroleum ether and benzene (1:1), 0,12 g (3.1%) of 
ferrocene was isolated, melting point of the sample and the melting point of a mixed sample being 170-171°C, 
and 2,2 g (yield being 52% theoretical) of the nitrile of ferrocenecarboxylic acid, m.p, 107-108° (from petroleum 
ether), A sample mixed with the authentic nitrile melted without depression of the m.p. Data in the literaturer 
m.p. 106,5-107,5° [11]; 107-108? [9]; 


Cyanation of ferrocene in tetrahydrofuran in the presence of FeCl,, To a solution of 3.72 g (0,02 mole) 
of ferrocene in 50 ml of tetrahydrofuran 13 g (0,08 mole) of anhydrous FeCl, was gradually added, then 25 ml 
of liquid HCN added, The mixture was heated to boiling for 3-4 hr and left overnight, Further treatment took 
place as described above, 3,6 g (86% of theoretical yield) of the nitrile of ferrocenecarboxylic acid was obtained, 


Cyanation of methylferrocene [15], The reaction was carried out as described for ferrocene, The nitrile 
of methylferrocenecarboxylic acid was separated from unreacted methylferrocene by chromatography, Out of 
5 g of methylferrocene 1,2 (24%) remained unchanged, 


The nitrile of methylferrocenecarbox ylic acid was a viscous liquid of reddish-brown color, and was distilled 
in vacuo in a current of nitrogen, B, p, 143-143,5°/2 mm, m®p 1.6215, Yield 2 g (36% of theoretical), 


Found %: C 64,27, 64,14; H 5,15, 5,06; N 6,49, 6,35; Fe 24,65, 24,53, CyH,yNFe, Calculated %: 
C 64.03; H 4.92; N 6.23;Fe 24,81, 


Cyanation of ethylferrocene [16] was carried out as described for methylferrocene, From 4 g of ethyl- 
ferrocene 2,3 g (yield 53% of theoretical) of the nitrile of ethylferrocenecarboxylic acid was obtained, B, p. 
152-156°/5 mm, 1,6090, 


Found %: C 65,58, 65,35; H 5,86, 5,72; N 6,19, 6.08; Fe 22,84, 23,07, CygH,gNFe, Calculated %: 
C 65. 30; H 5.47; N 5.86; Fe 23,36, 


Hydrolysis of CsHsFeCsH3(C 2Hs)CN, A mixture of 0,6 g of the nitrile, 45 ml of alcohol, 35 ml of water, 
and 5 g of NaOH was heated to boiling for 7 hr, 0,4 g of CsH;FeCsH,(C gHs)COOH was obtained, Yield 61% 
theoretical, M, p, 113-114°, The heteroannular ethylferrocenecarboxylic acid [17] had m, p. 75,5-77.5°, 
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Found %; C 60,28, 60.38; H 5,95, 5,73; Fe 22,34, 22,05, CygHyO,Fe. Calculated%: C 60,49; H 5.46; 
Fe 21.64, 


Cyanation of the nitrile of ferrocenecarboxylic acid was carried out as described for ferrocene, The di- 
nitrile was eluted with a chomatographic benzene column, From 2,11 g of the nitrile of ferrocenecarboxylic 
acid 1,05 (50%) of initial nitrile was recovered, yield of the dinitrile of 1,1'-ferrocenedicarboxylic acid being 
0.55 g (23% theoretical), Melting point in a sealed capillary was 165,5-166° (recrystallized from benzene), 
Data in the literature [11]; m, p. 166-167,5°, 


Found %: C 61,05, 61,19; H 3.47, 3,44; N 12,31, 12,32; Fe 23,52, 23,50, CyHgN,Fe, Calculated %: 
C 61.05; H 3.42; N 11.87; Fe 23,67, 


The dinitrile of ferrocenecarboxylic acid was also obtained by us from ferocene without mononitrile for- 
mation, Ferrocene was cyanated as described above, and then 20 g of Fe Cl, and 18 ml of liquid HCN added 
to the reaction mixture, Further operations were carried out as in preparation of the mononitrile, 1,29 g (yield 
27% of theoretical) of dinitrile and 1,1 g (yield 26%) of mononitrile were obtained, 


Cyanation of chloroferrocenc was carried out as described above for ferrocene, From 0,11 g of chloro- 
ferrocene 0,09 g (yield 73% of theoretical) of the nitrile of chloroferrocenecarboxylic acid was obtained, M. p. 
84,5-86° (recrystallized from petroleum ether), 


Found %: C 54,35, 54,28; H 3,81, 3,56; Cl 14,18; Fe 22,71, 22,57, CyyHgCINFe, Calculated %: C 53,78; 
H 3,29; Cl 14,45; Fe 22,75, 


The authors express their deep gratitude to Academician A, N, Nesmeyanov for attention and assistance 
in the work, 
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Sulfonation and sulfochlorination of pyrones-2 have not been described in the literature, In the present 


work sulfochlorination of 5,6-disubstituted pyrones-2 was achieved for the first time, their synthesis having been 
worked out by us previously [1, 2], 


On heating pyrones-2 with chlorosulfonic acid at 70-90°C crystalline sulfochlorides (I— IV) were obtained 
in 30-50% yield: 


(I) 
| 5 HOSO,CI R- ( 


R == (II), Call; (IH), Cylly (IV) 


The sulfochlorides obtained evidently contained a sulfochloride group in the 3-position in the pyrone ring, 


by analogy with bromopyrones (obtained on bromination of pyrones-2), for which the 3-position for the bromine 
atom is strongly indicated [3, 4], 


Besides sulfochlorides, in every case sulfoacids V-VII were precipitated out from the reaction mixture as 
their barium salts (yield 5-12%, calculated from initial pyrone-2), 


Sulfochlorides I-III were converted on boiling with water into crystalline sulfoacids in yields of 50-62% 


(identical on analysis of the barium salts to the sulfoacids obtained independently from the reaction mixture on 
sulfochlorination): 
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SO.Cl 


R 1.0 - §0, 11 


CH, - CIly leo 


R (VI), 


Call; (VID 
Sulfoacids V-VII were characterized by the crystalline toluidides, 


EXPERIMENTAL 


Preparation of sulfochlorides and sulfoacids from pyrones-2, To ice-cooled freshly-distilled chlorosulfonic 
acid (19,4 g; 0,167 mole) pyrone-2 was added in small quantities with stirring (5 g; 0,033 mole), and the reac- 
tion mixture heated at 70-90° for 2 hr, then cooled and poured into ice, The crystalline sulfochloride separat- 
ing out (if it appeared as an oil it was treated with cold water and left for an hour, after which it crystallized 
completely) was filtered off, washed with cold water and after drying in a dessicator was recrystallized from dry 
carbon tetrachloride, After separation of sulfochloride the aqueous solution was extracted with chloroform; after 
drying and evaporation of chloroform a further amount of sulfochloride was obtained from the chloroform solu- 


tion, Reaction conditions, constants, yields, and analytical data of the sulfochlorides obtained (I-IV) are shown 
in Table 1, 


TABLE 1 


Pyrone~-2-sulfochlorides-3 


o 
3 Found, % Calculated, 
Sulfochlorides Formula 
% 
85—90} 50 97—98 | 43,83] 3,77 | CyH,O,;SCl 43,46) 3.65 
-2-sulfo- 43,66] 3,73 
loride -3 (1) 
5,6- Dimethyl- 7O—75} 39 84—85 | 37.56) 3,05 C;H;O,SCl 
-2-sulfo- $7 3,13 
chloride -3 (II) 
6-Methyl-5-propyl475—80) 47 | 144—115} 43,23] 4,64 | CoH AS 421 
rone -2-sulfo- 43,12] 4,78 
loride-3 (III) 
6-Methyl-5-butyl - 75--80} 30 58—59 |44,99| 4,85 65,37] 4,% 
rone -2-sulfo- 45,241 5,04 
chloride-3 (IV) 


The aqueous solution remaining after extraction with chloroform was evaporated until all hydrogen chlo- 
ride had been removed and was neutralized with excess barium carbonate; this precipitate of barium sulfate 
was then filtered off and the filtrate evaporated to a volume of 1-2 ml, The barium salts of the corresponding 
sulfoacids separating out on cooling were washed with aicohol, then with ether and redissolved in the minimum 
amount of water; the filtered solution was evaporated and the barium salts obtained, after treatment with alcohol 


and ether, were dried in vacuo at 100° (4 hr), Yields of barium salts of sulfoacids V-VII amounted to, respect- 
ively, 5,5, 7,0, and 12,6%, We give their analyses, 


Barium salt of sulfoacid V — Found %: Ba 22,62, 22,74, CygHyg0y9S Ba. Calculated%: Ba 23,05, 


Barium salt of sulfoacid VI— Found %: Ba 25,45, 25.44, Cy4Hyg0y9S2Ba. Calculated %: Ba 25,25, 


Barium salt of sulfoacid VII— Found %: Ba 22,74, 22,80, CygH220i9S_Ba, Calculated %:; Ba 22.90, 


Hydrolysis of pyrone-2~-sulfochlorides-3, 1 g of sulfochloride and 5 ml of water were heated on a water 
bath for 5 hr, The hot solution was filtered and carefully evaporated to minimum volume, The crystalline 


sulfoacids precipitating on cooling were pressed out on a porous plate and dried, 5,6-Cyclohexanopyrone -2-sul- 
foacid-3 (V) crystallized with two molecules of water: 


| 
; 


Found %: C 40,69, 40,75; H 5,25, 5,02, CgHygOgS* 2H2O. Calculated%: C 40,59; H 5,3, 
After prolonged drying this sulfoacid lost part of the water of crystallization, 
Found %: C 44,83, 44,66; H 4,74, 4,88, (CoH 0sS)2*H2O. Calculated %: 45,19; H 4,62, 


Since sulfoacid V crystallized with water which was difficult to remove, sulfoacid V, and also VI and VII, 
were analyzed as their barium salts, All sulfoacids obtained were characterized as p-toluidides, Melting points 
of the sulfoacids, their yields, and per cent barium content in their barium salts, and also constants and analyses 
of the p-toluidides are given in Table 2, 


TABLE 2 


Pyrone-2-sulfoacids-3 


Ba found in p-Toluidides of sulfoacids 
Sulfoacids M.p., °C Yield, | barium salts,* pe 
%p lated, % 
5,6-cyclohexano- | 142-143 57 23,43 247-248 (from 4,25 CygHyzNO,S 4,39 
pyrone -2-sulfo-| (from alcohol) 4,45 
acid-3 (V) acetone) 
5,6-Dimethyl- 132-133 50 | 25,43 251-252 (with | 4,83 | CygHysNO,S 4,77 
pyrone-2- (from a decomp,; from} 4,64 
sulfoacid-3 benzene — aq. alcohol) 
(VI) acetonitrile 
mixture) 
6-Methyl-5- 135-136 62° 22,73 242-243 (from 4,30 CygHygNO,S 4,35 
propyl- from a alcohol) 4,54 
pytone -2- benzene — 
sulfoacid-3 acetonitrile 
(VIL) mixture; in 
a sealed 
capillary) 


*Compare data given above, 


** Since acid VII was hygroscopic and deliquesced in air, its yield was ascertained by the amount of barium salt 
obtained, 
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The destructive hydropolymerization of isobutylene takes place when an equimolecular mixture of this 
compound with hydrogen is passed over a cobalt-clay catalyst at 190° and atmospheric pressure [1], In the 
course of this reaction the products formed include 2-methylalkanes, (2-methylbutane, 2-methylpentane, 2- 
methylhexane, etc,), and the corresponding alkenes, When excess of isobutylene is present in the original mix- 
ture with hydrogen, dimers, trimers, and hydrogenated products of these are produced, It has been shown that 
the formation of 2-methyl substituted hydrocarbons is incapable of explanation by the conversion of the dimer 
isobutylene (2,4,4-trimethylpentene-1), and that it is, apparently, due to the destructive hydrogenation of the 


isobutylene, with the formation of surface radicals, which subsequently interact with the isobutylene and its con- 
version products, 


It has been shown earlier [2] that under the same conditions, cyclohexene in admixture with carbon mon- 
oxide and hydrogen undergoes methylation by the methylene radicals produced by the reduction of the carbon 
monoxide by the hydrogen, It would also be expected, therefore, that the addition of cyclohexene to the mix- 
ture of isobutylene and hydrogen would result in its alkylation by the radicals formed through the destructive 
hydrogenation of the isobutylene, which would confirm the scheme proposed earlier for this reaction, 


EXPERIMENTAL 


The apparatus and experimental procedure are unchanged from that described previously [1], The syn- 
thesis of the isobutylene and cyclohexene was also carried out in the same way as in previous work [1, 2], The 
cyclohexene used as starting material had the following constants; b, p. = 82° at 760mm, °D = 1,4465, and 

°, = 0.8099, The published data for cyclohexene are: b, p, = 82,979° at 760 mm, m°D = 1.44654, and @, = 
= 0,81096/ 3), The experiments were carried out over a cobalt-clay catalyst [4] at 190° and atmospheric pressure , 
The volume of catalyst, which was contained in a glass reaction tube of 10 mm diameter was 30 ml, The cyclo- 
hexene was introduced into the reaction zone from an automatic burette, The catalyzate obtained was dried 
over calcium chloride, and freed from the gaseous fractions containing hydrocarbons from Cy to C, by fractiona- 
tion before being distilled through a column containing triangular copper elements and having an efficiency of 
60 theoretical plates, Qualitative and semiquantitative analysis of the catalyzate fractions was performed by 
means of their Raman spectra, In certain cases ultraviolet absorption spectra were employed, The intensity of 
the lines was determined visibly by means of a decimal scale, Interpretation of the spectra which were obtained 
was performed on the basis of the literature data on the Raman spectra of the hydrocarbons [5], The emergent 
gas from the reaction and the gases distilled away from the liquid catalyzate, were analyzed by a chromato- 
gtaphic method, Prior to the investigation of the behavior of cyclohexene mixed with isobutylene and hydrogen 


experiments were also conducted on binary mixtures of cyclohexene with hydrogen, and of isobutylene and 
hydrogen, 
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| a. | Volume velocity) Obtained, liters at NTP 
introduced hr- 3 
jac | EE 4 2] 2 
14 | 20 32,7 | 0,0 | 0,08 | 54,5 $9.4 190.9 
151 167,0] 74,7 | 0.0] 0,11 | 48,8 47,0 | 90.0 | 29.8} 7.2] 0.6 | 0,4 0,7 
3°] 1 [29,5] 44,21 22,4 | 22,3 | 0,07 | 50,3 | 34.6 | 50,2 | 98,5 
4°] 1] 8.5] 0,0, 19,0] 14.2) — | 43.2] 44,0 | 56,2] 42,9°° 1.3] 0.4] 04 | 0,7 | | 5,9 
| [29.5] 57,4) 35,9 | 37,1] 0,07 | 40.6 | 42,0 | 42,6 [104.0 0.61 0,8 | 4,5 6.4 Poke 
6 | 1 |26,5| 0,0] 37,9 | 38.2] — | 47.8] 48,2 | 49.6] 3,8°*] 3,6] 0,8] 0.6 | 1.8 | 1.6 | 27,7 
| 128, 4] | 31,21 0,13 | 76,7 30,5 | 42.0 1101,5 | 22,6] | 4.5 


* Before the experiment the catalyst was regenerated at 450° for 4 hr, 
+ * Based on the initial cyclohexene, 


*+* Yield on the basis of the isobutylene introduced. 


Cyclohexene-hydrogen mixtures, Two experiments were carried out (the table, experiments 1 and 2) 
using molar ratios of cyclohexene to hydrogen equal to 1: 3,2 and 1: 2,0 respectively, The ratio of the hydro- 
carbons containing Cy, C2, Cz and Cy, respectively in the emergent gas in experiment 2 was 1: 0,08: 0.5: 0,09, 
The cyclohexene introduced was converted into these hydrocarbons (Cy — C4) to the extent of 5.5%, The liquid 
catalyzates from experiments 1 and 2 respectively gave values of e, of 0.7770 and 0,7795 and of n?°D of 1.4280 
and 1.4300, They were distilled through a column in quantities of 35 and 156 mm respectively, and divided 

into four fractions, Fraction 1, having b, p, from 38,5° to 73°, amounted to 3-4% of the volume of catalyzate, 
and had n°D = 1,4190 and 1,3970, @°, = 0,7551 and 0,7174, It consisted of the decomposition products of the 
cyclohexene, Fraction 2, with b, p, from 74-80°, m°D = 1,4368 and 1.4460, @, = 0,7889 and 0,8090: yield 
14,4% and 33.3% by volume respectively, possessed values of refractive index and specific gravity which were 
higher than those of the first and later fractions, This may be explained by the fact which has been shown earlier 
[2], that this fraction contains an azeotropic mixture of benzene and cyclohexane, and benzene and cyclohexene, 
The benzene is formed by an irreversible catalytic process from cyclohexene [6]: 3CgHyy > CgHg + 2Cg Hyp. 


Actually the Raman spectrum of fraction 2 in experiment 2 does contain frequencies characteristic of 
benzene [A v in cm™!: 608 (2), 992 (10), 1178 (2), 1586 (2), 1606 (1) and others] and of cyclohexane [Av in 
cm; 802 (9), 1030 (3), 1268 (5), 1445 (4) and others}, Fraction 3 (b, p, = 79,5-82°, W°D = 1,4268 and 1.4265, 

°, = 0.7785 and 0.7788, yield 75,6 and 52,0% by volume) appears to be practically pure cyclohexane [Av in 
cm7!; 428 (2), 802 (10), 1030 (6), 1158 (2), 1268 (5), 1445 (4) and others], The published data for cyclohexane 
[3] are: b, p. 80,738° at 760 mm, np = 1,4263, a, = 0.77835, The final fraction 4, consisting of 3.4-4,5% of 
the total catalyzate, possessed f°D = 1,4324 and 1,4430, and , = 0.7802 and 0,7959, and boiled at a higher 
temperature than the initial cyclohexene, with an upper boiling temperature limit of 130°, Quantitative spectro- 
scopic measurements showed that fraction 4 in experiment 2 contains ca, 80% of methylcyclohexane (Av in 
cm”; 445 (1), 546 (1), 770 (5), 844 (2), and others] and toluene (Av in cm™!; 522 (2), 787 (4), 1004 (10), 1210 


(3), 1605 (2) and others}, and ca, 10% of cyclohexane, the presence of which is indicated by the frequency 802 
(1) 


Isobutylene-hydrogen mixtures, Two experiments were performed (the table, experiments 4 and 6) with 
an equimolecular mixture of isobutylene and hydrogen on a regenerated contact surface (experiment 4) and on 
one which was not regenerated after exper iment 5 (see below) (experiment 6), It is seen from the table, that 
on the regenerated surface, the destructive hydropolymerizationof isobutylene takes place with a yield of liquid 
polymerizate amounting to 12.9% of the isobutylene introduced; while on the nonregenerated catalyst the yield 
of liquid polymerizate was 3,8%, The basic reaction in these cases was the hydrogenation of isobutylene into 


* It was not possible to identify the remaining cyclohexane frequencies, since the corresponding lines were masked 
by those of methylcyclohexane and toluene, 
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isobutane, In addition to this, there were present in the emergent gas methane, ethane, propane, n-butane and 
isopentane, which indicates that a hydrogenation cracking reaction must be taking place, The ratio of Cy: C2: 


: Cy: iso-C, hydrocarbons in the emergent gas was 1: 1:1,6: 14,5 in experiment 4, and 1: 0,8: 2,4: 35,9 experi- 
ment 6, 


Cyclohexene, isobutylene and hydrogen mixtures, Three experiments (the table, experiments 3, 5 and 7) 
were carried out with the ternary mixture, The ratios of isobutylene to hydrogen in the initial gaseous mixtures 
were 0,68; 1,03 and 0,4, while the molar cyclohexene contents were 14,9, 14,6 and 20.2%, respectively, Ex- 
periments 3 and 7 were conducted on a regenerated contact (regeneration being carried out for 15-20 hr in each 
case), and experiment 5 on a nonregenerated contact, In the emergent gases from these experiments, in addi- 
tion to the main components of hydrogen, isobutane and isobutylene, there were also present methane, ethane 
and propane, in the ratios of 1: 0.6: 1,3 (experiment 3); 1:1,3:2,5 (experiment 5) and 1: 0,45: 0,29 (experiment 
1), The yields of liquid catalyzate on the basis of the cyclohexene introduced were 98,5% (experiment 3), 104% 
(experiment 5) and 101,5% (experiment 7) by volume, 32 ml of catalyzate from experiment 3 (for which np = 
= 1,4350 and d°, = 0.7828, bromine number = 3,4) were fractionated through a column, and there were obtained 
1.6% by volume of a fraction with b, p. = 31.7-49° (nD = 1,3690), 43.8% by volume of a fraction with b, p. 
61-78.7° (n°°D = 1.4465, ¢°, = 0,7969) which appeared to be a mixture of benzene [Av cm}; 608 (4), 992 (10), 
1178 (3), 1586 (2) and others] and cyclohexane [Av in cm™!: 802 (10), 1030 (6), 1268 (5), 1445 (5) and others]; 
39.4% by volume of a fraction with b, p, = 78,8-81.7° (n°D = 1.4274, &°, = 0.7786) which appeared to be cyclo- 
hexane [Av in cm”! 428 (2), 802 (10), 1030 (9), 1268 (7), 1445 (7) and others); and, finally, 11% by volume of 
a fraction with higher boiling point than cyclohexane (b, p. = 86,2-110,7°, °D = 1,4305, °, = 0.7806), The 
catalyzate from experiment 5 had n°D = 1,4335, a, = 0.7813, bromine number = 28,5), It gave rise on frac- 
tionation to analogous fractions, for which the only difference from those of experiment 5 was that fraction 3 
appeared to consist of a mixture of cyclohexane and cyclohexene, The content of the high boiling residue, with 
a final boiling limit of 112,5° (n?°D = 1,4240, @°, = 0,7606) amounted to 14,04%, The catalyzate from experi- 
ment 7 (n’°D = 1,4310, & = 0.7676) was fractionated, and 90 mi of it gave the same fractions as the previous 
two experiments, The high boiling residue, with a final boiling limit of 135° (n?°D = 1.4449, @ = 0,7964) 
amounted to 7,8% of this catalyzate, In order to elucidate the composition of the fractions with boiling points 
higher than those of cyclohexene and cyclohexane, fractions 4 of experiments 3 and 5 were combined together, 
and 15 ml of the mixture was submitted to dehydrogenation catalysis [7] at 310° and a volume velocity of 0,84 
hr? over platinized carbon, prepared by the method of Zelinskii and Turova-Polyak [6] (pp, 150, 224), After 


being passed over the catalyst three times, 9,4 ml of catalyzate were obtained, boiling in the range 83-120°, 
and having the constants: = 1,4870, and = 0,8531, 


These constants point to the presence of a high aromatic hydrocarbon content in the catalyzate, The de- 
hydrogenate showed a positive reaction for toluene by the Eidus-Fenichkina method [8], Raman spectral analysis 
gave lines characteristic of benzene [Av in cm™! of 608 (7), 992 (10), 1178 (5), 1586 (4), etc,], and of toluene 
[Av in cm™ of 522 (2), 787 (3), 1030 (2), 1210 (2), 1382 (1) etc,), There were also present in the spectrum the 
frequencies 895 (1) and 1450 (2), which are apparently due to the ethylcyclohexane, 


Fraction 4 of the catalyzate from experiment 7 was submitted to direct spectroscopic analysis, It was found 
that this fraction consists of ca, 80% of methyleyclohexane [4 v in cm™ of 546 (1), 770 (3), 844 (1) etc,), and 
toluene [Av in cm! of 522 (1), 787 (3), 1004 (10), 1210 (2) etc,): that is of the products of methylation of the 
initial cyclohexane,* and of ca, 10% cyclohexane [Av in cm™ of 802 (1)]. 


It can be seen from these data that the cyclohexane* in the presence of a cobalt-clay catalyst is hydro- 
genated mainly into cyclohexane, and undergoes irreversible catalysis, To some extent, there also takes place 
a reaction in which alkylation of the cyclohexane is brought about by the methylene radicals formed from the 
hydrogenated cracking process, In the presence of isobutylene and hydrogen, the alkylation reaction proceeds 


some 3,5-4 times more readily than in the mixture containing hydrogen only, This result points to the conclu- 
sion that the isobutylene is an additional source of the alkylation process, 


It is evident that, in harmony with the scheme proposed by us earlier for the destructive hydropolymeriza- 
tion of isobutylene, part of the molecules of the latter undergoes decomposition in the presence of hydrogen on 
the catalyst surface with the formation of radicals which interact with the added cyclohexene, forming methyl 


* Since cyclohexane is not used in any of the mixtures described in the text, the word here is presumed to be a 
misprint for cyclohexene, as also in column 3 of the table in the original Russian — Translator, 
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derivatives, Under the same conditions though in the absence of cyclohexene, the radicals formed from the iso- 
butylene interact with the initial isobutyiene itself, giving 2-methyl substituted hydrocarbons, 
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FIAN 
GDI 


GITI 

GITTL 

GONTI 
Gosenergoizdat 
Goskhimizdat 
GOST 

GTTI 

IL 


ISN (Izd. Sov. Nauk) 


Izd. AN SSSR 
Izd. MGU 
LENZhT 
LET 

LETI 
LETIIZhT 
Mashgiz 
MEP 

MES 
MESEP 
MGU 
MKhTI 
MOPI 
MSP 

NII ZVUKSZAPIOI 
NIKFI 
ONTI 

OTI 

OTN 
Stroiizdat 
TOE 
TsKTI 
TsNIEL 
TSNIEL-MES 
TsVTI 

UF 
VIESKh 
VNIIM 
VNIIZhDT 
VTI 

VZEI 


Note: 


SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 
ENCOUNTERED IN SOVIET PERIODICALS 


Phys. Inst. Acad. Sci. USSR. 
Water Power Inst. 
State Sci.-Tech. Press 
State Tech. and Theor, Lit. Press 

State United Sci.-Tech. Press 

State Power Press 

State Chem, Press 

All-Union State Standard 

State Tech. and Theor, Lit. Press 

Foreign Lit. Press 

Soviet Science Press 

Acad. Sci. USSR Press 

Moscow State Univ. Press 

Leningrad Power Inst. of Railroad Engineering 

Leningrad Elec, Engr. School 

Leningrad Electrotechnical Inst. 

Leningrad Electrical Engineering Research Inst. of Railroad Engr. 
State Sci.-Tech. Press for Machine Construction Lit. 
Ministry of Electrical Industry 

Ministry of Electrical Power Plants 

Ministry of Electrical Power Plants and the Electrical Industry 
Moscow State Univ. 

Moscow Inst. Chem. Tech. 

Moscow Regional Pedagogical Inst. 

Ministry of Industrial Construction 

Scientific Research Inst, of Sound Recording 

Sci. Inst. of Modern Motion Picture Photography 

United Sci.-Tech. Press 

Division of Technical Information 

Div. Tech. Sci. 

Construction Press 

Association of Power Engineers 

Central Research inst. for Boilers and Turbines 

Central Scientific Research Elec, Engr. Lab. 


Central Scientific Research Elec. Engr. Lab.— Ministry of Electric Power Plants 


Central Office of Economic Information 

Ural Branch 

All- Union Inst. of Rural Elec, Power Stations 

All- Union Scientific Research Inst. of Metrology 
All-Union Scientific Research Inst. of Railroad Engineering 
All-Union Thermotech., Inst. 

All-Union Power Correspondence Inst. 


Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us. — Publisher, 
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Analytical 


Instrumentation 


Primarily concerned with instrumental tech- 
niques in the laboratory but touching on the 
area of chemical systems for purposes of 
illustration, this manual describes work built 
around a system of modules. Each module 
contains electrical or optical components (or 
both) arranged to perform some particular 
function required in a complete instrument. 
These modules are then connected with 
wires supplied for the purpose (called patch 
cords) to synthesize workable instruments. 
Each module is fully discussed, with empha- 
sis On purpose, the mode of operation of 
internal mechanism, and any special features 
of importance. 


A Laboratory Guide for Chemical Analysis 


By Galen W. Ewing 


Professor of Chemistry, Seton Hall University 
South Orange, New Jersey 


CONTENTS: The Electrical Modules: General features * 
Voltage source * Current source * DC meter * Oper- 
ational amplifier * Electrometer * Wheatstone bridge * 
Potentiostat * Thermistor probe * Solution pump °* 
Seconds timer * Recorders * Electroanalytical Modular 
instruments: Measurement considerations * Measure- 
ment of electrode potentials * Amperometry * Electro- 
lytic conductimetry * Electrodeposition * Coulometry 
Thermometric methods * Optical Instruments: Prism 
operation * Grating operation * Filter operation * Opti- 
cal alternatives * Sources * Wavelength selection ° 
Photocells * Analytical Experiments: Experiments in In- 
strument Evaluation: Electrical measurements * Accu- 
racies and calibration procedures. 
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ULTRAVIOLET SPECTRA OF ELASTOMERS 


AND RUBBER CHEMICALS 


By V. S. Fikhtengol’ts R. V. Zolotareva and Yu. L’vov 


S.V. Lebedev All-Union Synthetic Rubber Research Institute 


Translated from Russian by A. E. Stubbs 


This important new data compilation presents the 
ultraviolet absorption curves in the range 200-400 
my, of 141 different substances frequently encoun- 
tered in synthetic rubber manufacture, including 
monomers, polymers, antioxidants, emulsifiers, ini- 
tiators, regulators, and auxiliary products. The 
wavelengths and extinction coefficients at the ab- 
sorption maxima are tabulated. 


Fifteen carbon-chain monomers, 8 polymers other 
than silicones, 24 organosilicon monomers and 
polymers, 62 antioxidants, 15 other substances used 
in synthetic rubber manufacture, and 17 miscel- 
laneous intermediates and by-products are given. 


In the synthetic rubber industry, ultraviolet spec- 
troscopy can be used in the analysis of a great 
variety of substances and for the determination of 


impurities in monomers and intermediate prod- 
ucts, composition of certain polymers, quantita- 
tive evaluation of various rubber ingredients, con- 
trol of certain copolymerization processes, and 
other purposes. 


CONTENTS: Spectral characteristics of monomers * Spec- 
tral characteristics of polymers * Spectral characteristics 
of organosilicon derivatives in copolymers containing 
dimethylsiloxane units * Spectral characteristics of anti- 
oxidants: secondary amines, p-anisidine derivatives, 
p-phenylenediamine derivatives, phenol derivatives, phos- 
phorus esters, hydroquinone derivatives, sulfides, hydro- 
quinoline derivatives, other antioxidants * Spectral char- 
acteristics of various substances used in synthetic rubber 
manufacture * Spectral characteristics of various sub- 
stances met as intermediate products, by-products, and 
impurities * Literature cited. 
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By E. Ya. Lukevits and M. G. Voronkov 


Latvian Academy of Sciences, Institute of Organic Synthesis 


Translated from Russian by Michael J. Newlands, University of Manchester, Institute of Science and Technology 


A unique work, updated by the authors and the 
translator for the present edition. The authors have 
collated and systematized all the known data on 
the addition of organic and inorganic derivatives 
of silicon, germanium, and tin to multiple bonds, 
in unsaturated compounds, including remarkably 
complete references to publications and patents up 
to mid-1965. Examples are given of preparative 
syntheses and the extensive tables (more than 200 
pages of them) will relieve researchers from the 
necessity of examining a large number of original 
sources to discover whether a particular reaction 
has been carried out, or to find suitable conditions 
and catalysts for the reaction. 


CONTENTS: The Hydrosilylation Reaction: Factors affect- 
ing the rate and direction of the hydrosilylation reaction ° 
Mechanism of the hydrosilylation reaction * Hydrosilylation 
of the C=C bond * Hydrosilylation of the C=C bond * 
Hydrosilylation of the C=C and C=N bonds * The Hydro- 
germylation, Hydrostannylation, and Hydroplumbylation Re- 


actions: The hydrogermylation of unsaturated compounds * 
The hydrostannylation and hydroplumbylation of unsatu- 
rated compounds * Examples of Preparative Synthesis: 
Tabular Summaries of the Hydrosilylation, Hydrogermyla- 
tion, and Hydrostannylation Reactions: Tavle 1: Thermal 
hydrosily!ation * Table 2: Photochemical hydrosilylation * 
Table 3: Radiochemical hydrosilylation * Table 4: Hydro- 
silylation in the presence of radical initiators * Table 5: 
Hydrosilylation in the presence of Group | metals * Table 6: 
Hydrosilylation in the presence of Group II metals and their 
derivatives * Table 7: Hydrosilylation in the presence of 
derivatives of Group IV and VI elements * Table 8: Hydro- 
silylation in the presence of derivatives of Group V ele- 
ments * Table 9: Hydrosilylation in the presence of Group 
Vill metals and their derivatives * Table 10: Hydrosilylation 
in the presence of Speier's catalyst (H2PtClse6H,O) * Table 
11: Thermal hydrogermylation » Table 12: Catalytic hydro- 
germylation * Table 13: Thermal hydrostannylation * Table 
14: Catalytic hydrostannylation * Formula Indexes: The 
products of hydrosilylation * The products of hydrogermy- 
lation * The products of hydrostannylation * Bibliography. 
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